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The attempt to identify risk factors or correlates of intraven-
tricular hemorrhage (IVH) has been constrained by conflicting research 
findings, changing hypotheses about the etiology of IVH, and by the 
exceedingly complex nature of this neurological disorder. In addition, 
few studies have investigated the possibility that antenatal factors 
might predispose the infant to IVH. Thus, research aimed at identifying 
IVH correlates from all time periods in which stress could occur to the 
neonate needs to be undertaken. This study was conducted for the 
purpose of identifying and quantifying correlates of IVH by constructing 
an interactive statistical model to predict the occurrence, severity, 
and onset of IVH. 
The study sample was composed of inborn neonates admitted to the 
University of Utah Medical Center's Neonatal Intensive Care Unit from 
July 1985 to June 1987. Ultrasound brain scans were used to assigned 
150 infants into two groups of equal numbers: an IVH group and a non-
IVH group. Forty-three maternal, 17 obstetric, and 35 neonatal 
Viii 
variables were collected from the infants' and infants' mothers' medical 
records and included demographic, medical, and behavioral data. 
The mean birthweights and gestational ages for the IVH and non-IVH 
groups were 1413 g, 29.9 weeks, and 1573 g 31.3 weeks, respectively. 
Factors found to be associated with IVH were neonatal hypotension, 
bronchopulmonary dysplasia, lower hematocrit percent, pulmonary 
interstitial emphysema, severe respiratory distress syndrome, shorter 
gestational ages, lower 5-minute Apgar score, pneumothorax, shorter 
umbilical cord lengths, and lower maternal hemoglobin concentrations. 
No obstetric factors were found to be related to IVH. 
A second-order, interactive model used to predict IVH occurrence 
and severity explained 90.9% of the total variability. The attempt to 
predict the onset time of IVH was unsuccessful. While the condition of 
the neonate immediately following birth is the best predictor of IVH, 
maternal or antenatal factors may interact to contribute to the 
development of this neurological disorder. 
(123 pages) 
CHAPTER I 
INTRODUCTION 
Introduction and Statement of the Problem 
Although infant mortality and morbidity have decreased considerably 
within the last 30 years, there still exist significant medical 
complications associated with prematurity and low birthweight (LBW) 
which are related to later handicapping conditions in the newborn infant 
(Healy, Hein, & Rubin, 1983). One of these complications is 
intraventricular hemorrhage (IVH). Due to its high incidence and 
adverse neurodevelopmental outcome, IVH is considered to be the most 
important neurological disorder presently found in LBW premature infants 
(Volpe, 1987). 
In the United States, 7% of all newborn babies are LBW (weighing 
2500 g or less at birth), and about 1.2% are very low birthweight (VLBW) 
(weighing 1500 g or less) (McCormick, 1985). Of the specific population 
of LBW newborns, approximately 40% have IVH (McDonald, Johnson, et al., 
1984; Sarnat, 1984). 
IVH is characterized by abnormal bleeding from blood vessels into 
the ventricles of the brain. This bleeding is caused by a lesion in the 
neonate's brain, and is often associated with neurological and 
developmental handicapping conditions (i.e., cerebral palsy, seizure 
disorders, hearing and vision disorders, and motor and intellectual 
deficits) (Palmer, Dubowitz, Levene, & Dubowitz, 1982; Papile, Munsick-
Bruno, & Schaefer, 1983; Scott, Ment, Ehrenkranz, & Warshaw, 1984). 
The etiology and pathogenesis of IVH remain to be definitively 
elucidated. Recent research by Volpe (1987) has conceptualized IVH as 
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the result of complex interactions of multifactorial events which cause 
fluctuations or increases in the newborn infant's cerebral blood flow. 
These fluctuations are believed to damage vulnerable capillaries in the 
germinal matrix area (a developmental tissue which lines the ventricles) 
and initiate IVH. 
Before the advent of brain-imaging techniques, the study of brain 
hemorrhages was limited to clinical signs and autopsy findings (Cooke, 
1981). Only within the last 15 years have the newer ultrasound (US) and 
computerized axial tomography (CT) scanning instruments permitted the 
accurate diagnosis of IVH. 
The ability to determine if and when IVH occurs has facilitated 
investigations of risk factors, predictors, or correlates of IVH. 
Impetus for the study of predictors comes from the following two areas: 
1. Since the cause of IVH is unclear, factors found to be 
associated with it might help explain more about the origin and 
development of this disorder (Cooke, 1981). 
2. Since preventive interventions (i.e., the use of 
pharmacological agents such as phenobarbital, Vitamin E, and 
indomethacin) aimed at reducing the incidence of IVH are based 
upon existing factors found to be highly correlated with the 
occurrence of IVH, any new or additional information which 
would add to the prediction of these hemorrhages could lend 
support to the development of more effective interventions 
(Ment, 1985). 
Unfortunately, the attempt to identify risk factors or correlates 
of IVH has been constrained by conflicting research findings, changing 
hypotheses about the etiology of IVH,a lack of comprehensive 
investigations using large samples of infants, and the exceedingly 
complex nature of this disorder. 
The problem, then, is that there is a lack of knowledge concerning 
specific maternal, obstetric, and neonatal factors which are associated 
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with, and predictive of, IVH. In addition, few IVH investigations have 
quantified the relative contributions made by specific independent 
variables to the occurrence and development of this brain hemorrhage. 
Finally, most investigations have limited the range or extent of their 
research by not considering the possibility that factors operating prior 
to birth may predispose the neonate to IVH. 
Advances in neonatal care have increased the viability of LBW IVH 
infants. Currently, it is not uncommon for IVH neonates of 26 to 27 
weeks gestational age to survive. As more and younger babies suffering 
from IVH are able to thrive, their growing population will present 
challenges to medical and behavioral scientists: how to effectively 
develop interventions for the handicapping conditions associated with 
IVH; and, how to ultimately prevent IVH. Hopefully, the investigation 
of predictors of IVH will contribute to the knowledge needed to further 
understand this neurological disorder. 
Purpose and Objectives 
The purpose of this study was to identify maternal, obstetric, and 
neonatal factors which differentiated IVH infants from non-IVH infants, 
and which were predictive of the severity and the time of occurrence of 
the brain hemorrhage. 
The specific objectives of this study were: 
1. To determine if infants with IVH differ from infants without 
IVH, with respect to the occurrence of selected independent 
variables. 
2. To determine if independent variables found to be associated 
with IVH are also predictive of the severity of the hemorrhage. 
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3. To determine if maternal, neonatal, and obstetric independent 
variables are predictive of the time of occurrence of the brain 
hemorrhage. 
4. To construct a mathematical model that would accurately predict 
the severity and time of occurrence of IVH. 
The specific hypothesis tested was: 
There is no relationship between maternal, obstetric, and neonatal 
factors and the occurrence or severity of intraventricular 
hemorrhage in newborn infants. 
CHAPTER II 
REVIEW OF THE LITERATURE 
This chapter examines, critiques, and integrates previous research 
on intraventricular hemorrhage, especially as it relates to the 
prediction of these brain hemorrhages in newborn, premature infants. 
This chapter is divided into the following four sections: 
1. Definition and Description of IVH 
2. Diagnosis and Classification of IVH 
3. Etiology and Pathogenesis of IVH 
4. Correlates or Predictors of IVH 
Definition and Description of 
Intraventricular Hemorrhage 
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Within the broad category of neonatal intracranial hemorrhage 
(ICH), four specific types occur as follows (Healy et ~l., 1983; Volpe, 
1987): subdural, subarachnoid or primary subarachnoid, cerebellar or 
intracerebellar, and intraventricular (IVH) or periventricular-
intraventricular (PVH-IVH). Each of the four hemorrhage types differ 
with regard to incidence figures, the infant populations they most often 
occur in, possible causes, and the neurodevelopmental outcomes. 
Subdural hemorrhage has the lowest incidence, is found more 
frequently in full-term infants, and is clinically serious due to its 
association with infant death and adverse neurological sequelae (Volpe, 
1987). According to Naeye and Tafari (1983), subdural hemorrhage is due 
to labor and delivery trauma, especially where breech delivery, the use 
of forceps, or vacuum extraction have occurred. 
Subarachnoid hemorrhage is a commonly identified ICH (an incidence 
of 29% for infants weighing less than 2000 g) found more often in 
premature infants and is considered to have the most favorable outcome 
(Volpe,1987). Possible causes of this hemorrhage type are hypoxic 
events for premature infants, and trauma for full-term neonates (Healey 
et al., 1983). 
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Intracerebellar hemorrhage is an uncommon type of ICH (an incidence 
of 15-25% for infants weighing less than 1500 g), and is more often 
found in premature infants (Volpe, 1987). It has a poor outcome, and is 
related to both hypoxic events and trauma (Volpe, 1987). 
The fourth type of ICH, which represents the highest occurring type 
of brain hemorrhage in premature infants, is intraventricular 
hemorrhage. Due to the fact that IVH has a high incidence and a high 
degree of association with serious neurodevelopmental disorders and 
infant death, it is considered to be the ICH of greatest concern (Volpe, 
1987). The complex, multifactorial events believed to cause IVH will be 
discussed in the section on IVH etiology and pathogenesis. 
Various researchers use different terms for IVH. Throughout this 
dissertation, intraventricular hemorrhage is used as a broad term and 
includes a Grade I hemorrhage, which is also called a periventricular or 
subependymal hemorrhage. Technical terms used in this work are defined 
in Appendix D under Glossary of Terms. 
Intraventricular hemorrhage is a central nervous system lesion 
predominantly found in infants born prior to 34 weeks of gestation. The 
lesion results in bleeding from small blood vessels in the germinal 
matrix zone (GMZ) (Tarby & Volpe, 1982). In most instances, the 
bleeding ruptures into the ventricular system of the infant's brain. 
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The germinal matrix is a rich network of capillaries located in the 
periventricular region over the caudate nucleus, which emerges at 26 to 
27 weeks of gestation, and disappears at 33 to 35 weeks (Healy et al., 
1983). In the premature infant, the GMZ lines the entire inside surface 
of the ventricles and produces daughter cells (neurons and neurologia) 
which are involved in the formation of forebrain structures such as the 
cerebral cortex and basal ganglion (Moore, 1986). This gelatinous-like 
area receives most of its arterial blood supply from the anterior 
cerebral artery, the middle cerebral artery, and the internal carotid 
artery (Volpe, 1987). Figure 1 shows the lateral and frontal views of 
the ventricular system of the brain which demonstrates the relationships 
to adjacent structures, the location of the germinal matrix zone, and 
important terminology. The illustration on the left in Figure 2 shows 
an expanded frontal view of the lateral ventricle of the frontal lobe, 
demonstrating various grades of supependymal, intraventricular, and 
periventricular hemorrhages. The illustration on the right shows the 
location of the various fiber pathways (projection, association, and 
commissural) which may be compromised in Grade IV bleeds. 
The inverse relationship between incidence of IVH and LBW or short 
gestation, reflects the vulnerability of the premature infant's nervous 
system. Specifically, the increase in IVH with lower birthweights and 
shorter gestational ages parallels the development of the GMZ (Healy et 
al., 1983). Thus, it is not surprising that IVH has been consistently 
associated with a fragile GMZ. This vulnerable GMZ may also explain why 
full-term infants have hemorrhages located in different brain areas than 
premature infants. The site of the hemorrhage for premature neonates is 
the germinal matrix region, between the thalamus and caudate nucleus, 
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Figure 1. The ventricles of the brain and the GMZ. 
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p. 72). New York: Haworth Press. Copyright 1986 by Haworth Press. 
Reprinted by permission. 
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while the site of bleeding for a full-term baby is the choroid plexus 
(de Courten, & Rabinowicz, 1981; Lacey & Terplan, 1982). It should be 
noted that 25% of premature infants with IVH have both areas, the 
choroid plexus and the GMZ, as the site of origin for the hemorrhage 
(Volpe, 1987). 
A better understanding of why IVH occurs at different sites for 
different gestational ages was provided by Moore (1986) in her research 
on neonatal neuropathology. According to Moore, the central nervous 
system of the neonate develops in a caudal-rostral progression. This 
maturational continuum means that as the infant's gestational age 
increases, the vulnerability of high brain centers (i.e., cerebral 
hemispheres, deep nuclei and pathways, GMZ) also increase, while lower 
brain areas (i.e., cerebellum, brain stem) become less susceptible. 
Based on maturational levels of the GMZ, Moore (1986) has 
determined three sites of IVH and their corresponding functional losses, 
as presented below in Table 1. 
Table 1 
GMZ Vulnerability and Gestational Ages 
Gestational Age (weeks) GMZ Area of Vulnerability 
28-32 Inferior/temporal horn 
32-35 Trigone area of the 
lateral ventricular 
36-38 Intraventricular Foramen 
of Monro 
Functional Loss 
Cortically deaf 
Cortically blind 
Spastic diplegia 
IVH is considered to be a major cause of brain damage in LBW 
premature infants (Naeye & Tafari, 1983). Volpe (1987) has discussed 
the following six factors involved in the mechanism by which IVH may 
lead to brain injury: 
1. Hypoxic-ischemic insults occurring prior to IVH. 
2. Increases in intracranial pressure during the onset of IVH. 
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3. White matter destruction due to intraparenchymal extension and 
the occurrence of periventricular leukomalacia (PVL). 
4. GMZ destruction with possible damage of glial cell precursors. 
5. Focal brain ischemia. 
6. Posthemorrhagic hydrocephalus (PHH). 
Of these six factors, the destruction of cerebral white matter and 
the occurrence of PVL represent the most serious brain insults, and are 
associated with major neurodevelopmental handicapping conditions of the 
newborn (Volpe, 1987). The incidence of PVL in three studies 
investigating premature infants was approximately 5-10% (Bozynski et 
al., 1985; Calame, Fawer, Anderegg, & Perentes, 1985; Weindling et al., 
1985). 
Post-hemorrhagic hydrocephalus (PHH) is a condition characterized 
by an excessive accumulation of cerebrospinal fluid inside the 
ventricular system, and is an event which often follows the onset of IVH 
(Hill & Rozdilsky, 1984). Ment, Duncan, Scott, and Ehrenkranz (1984) 
studied the incidence of PHH in a sample of 52 LBW infants with IVH and 
reported a low rate of occurrence (approximately 10%). The exact 
mechanism by which PHH causes brain damage is not known (Tarby & Volpe, 
1982) 
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In terms of overall incidence of IVH, the literature presents 
highly varied findings. Part of this variability may be explained by 
the fact that IVH incidence depends upon infant birthweights and 
gestational ages, the imaging modality used, and the time span 
encompassed by the investigation. As would be expected, the incidence 
of IVH is highest for infants weighing less than 1000 g, and lowest for 
birthweights above 2500 g. A generally accepted range of IVH incidence 
is between 35% and 45% for preterm LBW infants (Volpe, 1987). 
Although the incidence of IVH is highest in premature LBW neonates , 
it is not entirely restricted to this population. Several investigators 
(Bergman et al., 1985; Fenichel, Webster, & Wong, 1984; Nanba et al., 
1982; Scher, Wright, Lockman, & Thompson, 1982) have identified IVH in 
full - term babies. 
Generalizations concerning causes and outcomes of full-term infants 
with IVH are difficult to formulate due to the low number of subjects 
investigated; the combined total number of infants in the 
aforementioned four studies was 65. However, IVH in full-term infants 
appears to be related to birth trauma or difficult deliveries, and the 
site of origin is predominately in the choroid plexus (Fenichel et al., 
1984; Lacey & Terplan, 1982). In addition, pathogenic factors have not 
been found in about 25% of the full-term infants with IVH (Volpe, 1987). 
Studies by Dolfin, Skidmore, Fong, Hoskins, and Shennan (1983), 
McDonald, Koops, et al. (1984), and Ment, Duncan, Ehrenkranz, et al. 
(1984) investigated the time of occurrence of IVH and concluded that 
most hemorrhages occur within the first 72 hours of the infant's life. 
A more detailed study of the range of time in which IVH first 
appeared was conducted by Ment, Duncan, Ehrenkranz, et al. (1984a). 
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Using a sample of 31 preterm neonates, the following was found: 42% of 
the brain hemorrhages occurred within the first 6 hours following birth, 
74% of all hemorrhages were found by the 30th postnatal hour, and 95% of 
all hemorrhages were detected by the fifth postnatal day. Only on very 
rare occasions has IVH been diagnosed in utero (Hill & Rozdilsky, 1984; 
McGahan, Haesslein, Meyers, & Ford, 1984). 
Diagnosis and Classification of IVH 
The prediction of IVH by clinical signs or symptoms was utilized 
before sophisticated imaging instruments became common in Neonatal 
Intensive Care Units. Observations of the infant's condition following 
birth were made and then compared to results from autopsy or lumbar 
puncture. Numerous clinical signs which appeared to accompany IVH 
included rapid progression to death, temperature and blood pressure 
fluctuations, metaboli c acidosis , abnormal respiration with cyanosis, 
hypotonia, reduced responsiveness, tense fontanel, and convulsions 
(Bobak & Jensen, 1987; Lazzara, Ahmann, Dykes, Brann, & Schwartz, 1980). 
Once computerized axial tomograph (CT) became available, corre-
lations between clinical signs and neuroradiological findings were made. 
Lazzara et al. (1980) investigated 98 premature infants who underwent CT 
scans between 48 and 96 hours following birth. Clinical observations 
were then correlated with CT results. Symptoms which predicted IVH 54% 
of the time were a fall in hematocrit, tense fontanel, a change in spon-
taneous motor movements, and decreased muscle tone. More serious hemor-
rhages were predicted more accurately by these clinical observations. 
The two most frequently used methods to diagnose IVH currently, are 
the CT or CAT scan,and the sonograph, echo, or ultrasound (US) scan. 
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Flodmark, Becker, Harwood-Nash, Fitzhardinge, Fitz, and Chuang 
(1980) studied correlations between CT and autopsy in a sample of 90 
premature and full-term infants who suffered perinatal asphyxia. The 
purpose of their investigation was to determine the reliability of CT in 
diagnosing ICH and hypoxic brain damage. They found a 91% agreement 
between CT and autopsy results in the identification of Grades I-IV IVH. 
False-negatives (defined as a hemorrhage not observed on the CT scan but 
identified at autopsy) occurred 13 times (9%), and false-positives 
(defined as a hemorrhage observed by imaging but not identified at 
autopsy) occurred five times (4%). False-negatives were believed to be 
due to very small Grade I hemorrhages which were beyond the CT limits of 
resolution. It was concluded that CT was an accurate method of diag-
nosing IVH, but was poor at determining areas of ischemic brain damage. 
Since 1980, US has become the primary diagnostic method for 
identification of IVH. It is a noninvasive technique which uses the 
fontanelles and sutures of the neonate's skull to introduce ultrasound 
beams. As the high frequency beams enter the brain, different acoustic 
impedances are detected due to different densities of brain structures. 
Since fluid blood has a higher acoustic impedance than brain tissue or 
cerebrospinal fluid (CSF), it appears as an echodense area on the US 
(Bejar et al., 1980). US is especially suited for the visualization of 
neuroanatomical locations involved with IVH: ventricular system, 
caudate nucleus, thalamus, choroid plexus, corpus callosum, and the 
foramen of Monro (Bejar et al., 1980). It should be noted that US may 
not initially detect ischemic brain damage unless the lesions are 
extensive and scans are performed serially (Bozynsky et al., 1987). 
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Neuroradiographic studies by Bejar et al. (1980), Bowerman, Donn, 
Silver, and Jaffe (1984), Mack et al. (1981), and Silverboard, Harder, 
Ahmann, Lazzara, and Schwartz (1980) have compared US to CT. These 
comparisons are presented in Table 2. 
Table 2 
Comparisons of CT and US 
Criteria CT 
Resolving Power lesions< 5 mm not 
detected 
Advantages 1. High correlation with 
Disadvantages 
autopsy (.91) 
2. Better detection of 
other types of ICH 
1. More expensive, may 
require travel, 
sedation of infant 
2. Exposure to radiation 
3. Higher false-positives 
4. Poor detection of 
ischemic brain damage 
us 
lesions< 5 mm not 
detected 
1. High correlation with 
autopsy & CT (.94) 
2. Cheaper than CT 
3. No sedation, travel, 
or radiation exposure 
4. Greater sensitivity in 
detecting small IV~ 
1. Detection of other 
types of ICH (suba-
rachnoid) is poor 
2. Ischemic brain damage 
may not be detected 
unless the lesions 
are very large and 
the scans are done 
serially 
Other diagnostic instruments used to investigate IVH are the 
electroencephalogram (EEG) (Clancy & Tharp, 1984), and positron emission 
tomography (PET) (Volpe, Herscovitch, Perlman, & Raichle, 1983). PET is 
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currently the most sensitive and flexible brain imaging technique and 
may add considerable new knowledge to the understanding of brain 
functioning and the pathophysiology of neurological and mental disorders 
(Andreasen, 1988). PET provides unique information concerning IVH 
inasmuch as it allows for in vivo studies of regional cerebral blood 
flow and metabolism (Volpe, 1987). 
At the present time, there are at least eight different systems 
used to classify intracranial hemorrhages. Most of these are based upon 
the amount of bleeding in the ventricular system, or the presence/ 
absence of ventricular dilation (Healy et al., 1983). The most commonly 
encountered system to classify ICH was developed by Papile (Papile, 
Burstein, Burstein, & Koffler, 1978), and was originally designed for 
use with the CT. 
Grade I hemorrhage. A subependymal, periventricular, or germinal 
matrix hemorrhage which initially appears as a uniform mass found at the 
level of the head or body of the caudate nucleus. Grade I hemorrhages 
can regress and decrease in size, or they can enlarge and extend 
directly into the ventricular system. 
Grade II hemorrhage. An intraventricular hemorrhage (IVH) without 
dilation of the ventricles. A hemorrhage is labeled as Grade II 
whenever there is blood inside the ventricles, but the ventricles 
maintain their normal size and shape. 
Grade III hemorrhage. An intraventricular hemorrhage with an 
enlarged ventricle which may be completely filled with blood. These 
hemorrhages may lead to an increase in the volume of the cerebrospinal 
fluid, which can result in the necessity of lumbar puncture for drainage 
of the CSF fluid and reduction of pressure. 
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Grade IV hemorrhage. An intraventricular hemorrhage that extends 
into the parenchyma of the brain. Grade IV hemorrhages represent the 
most severe stage and can lead to the complication of hydrocephalus. 
The mortality rate of the IVH baby is directly proportional to the 
severity of the brain lesion. Infants suffering from mild hemorrhage 
(i.e., Grade I) usually survive. Moderate lesions (Grades II and III) 
show a 5-15% mortality rate, with about 20% of these neonates also 
exhibiting ventricular dilation. The most severe hemorrhage, Grade IV, 
is associated with a 50-60% mortality rate, and a 65-100% chance of the 
development of progressive ventricular dilation (Volpe, 1981). 
In a review of six hemorrhage grading systems, Kuban and Teele 
(1984) discussed the limitations of each and drew the following 
conclusions: 
1. Many grading systems were originally developed for CT and may 
not be applicable for US. 
2. Most grading systems do not consider the source of the 
hemorrhage, nor do they quantify the size of the ventricles or 
the amount of blood in the ventricles. 
3. Laterality, or anatomic differences between left and right 
ventricular enlargement or damage is usually ignored. 
4. Anatomical locations of hemorrhages which extend into brain 
parenchyma are not included. 
5. The occurrence of CNS pathology besides IVH is not considered. 
To compensate for these limitations, Kuban and Teele (1984) 
proposed a new ICH grading methodology which would correlate structure 
with function. Neuroanatomical structure would be assessed by US, and 
function would be measured by the neurodevelopmental outcome of the 
infant. 
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The most recently developed grading system is by Volpe (1987), and 
is based upon the amount of blood observed in the GMZ and the 
ventricular system. The divisions of this system are: Grade I is a 
germinal matrix hemorrhage filling< 10% of the ventricular area; Grade 
II is an IVH filling 10-50% of the ventricular area; Grade III is an IVH 
filling> 50% of the ventricular area and which often enlarges the 
lateral ventricles. A separate division is made for any hemorrhages 
which involve intracerebral and parenchymal lesions. Until a standard 
ICH grading system is adopted, each investigation of IVH must be 
evaluated in terms of how the hemorrhage was classified. 
Etiology and Pathogenesis of IVH 
In a discussion of the etiology and pathogenesis of IVH, it is 
tempting to focus upon one underlying mechanism, or a single causative 
factor, to explain the origin and development of this disorder. This 
over-simplification can be found in the earliest IVH research where 
isolated factors, such as pulmonary disease or mode of delivery, were 
implicated as causes of IVH. 
More recent studies of IVH emphasize the exceedingly complex 
interactions between multiple factors. Moore (1986) has presented a 
broad conceptual model to explain perinatal neuropathology where 
multifactorial events act in combination to predispose the newborn 
infant to CNS pathology. Placed in an equation format, Moore1 s model is 
as follows: 
Neonatal (Fetal and/or 
CNS = Neonatal X 
Pathology States) 
(Perinatal 
States) 
X (Neonatal 
Diseases) 
X (Maternal 
Factors) 
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Fetal and/or Neonatal States= Asphyxia, hypoxic-ischemic syndromes 
Perinatal States= Prematurity, respiratory distress syndrome, 
bronchopulmonary dysplasia, cardiovascular disease 
Neonatal Diseases= Genetic diseases, viruses and retroviruses, 
bacteria, parasites, rubella 
Maternal Factors= Drug use, lack of prenatal care, environmental 
toxins, diabetes, accidents, suicide attempts. 
The value of the model proposed by Moore (1986) lies in its ability 
to generate the broadest conceptual framework in regard to causes of 
IVH. This is important not only because the exact etiology of IVH is 
unknown, but also because many IVH studies limit their investigations to 
the time period immediately following birth. 
During the last 15 years, various theories about the cause of IVH 
have been proposed. Many of these are based upon animal models which 
allow for the experimental induction of IVH in newborn beagle and rabbit 
pups. Despite the advances made by these sophisticated animal studies, 
it is not uncommon to find in the literature statements such as, "The 
pathogenesis of IVH remains an enigma" (Pasternak, Groothuis, Fischer, & 
Fischer, 1983, p. 559). An even more potent statement reflecting the 
disparity of IVH etiology is by Moore (1986), "No general agreement can 
be found in the literature concerning the etiology and sequelae of 
neuropathology in neonates" (p. 52). Nevertheless, more recent research 
on IVH etiology and pathogenesis, particularly the work of Volpe (1987), 
has implicated a common core of factors believed to cause IVH. These 
factors are presented in the next section under the following headings: 
GMZ vulnerability, hemodynamic changes, coagulation abnormalities, and 
antenatal factors. 
GMZ Vulnerability as a Cause of IVH 
GMZ capillary vulnerability is a vascular cause of IVH, and 
includes both the physical structure of the GMZ and its susceptibility 
to hypoxic-ischemic insults (Volpe, 1987). Moore (1986) has explained 
the reasons underlying the vulnerability of the GMZ blood vessels. 
1. Little supporting tissues or stroma is found surrounding the 
GMZ blood vessels. 
20 
2. The GMZ requires a large capillary network and a high cerebral 
blood volume to supply heavy metabolic demands for rapidly 
dividing cells. 
During normal physiologic functioning, the newborn baby uses 
oxygen, glucose, and other nutrients which are transported to the brain 
via cerebral arteries. A reduction in the oxygen levels received by 
brain cells could initiate events whereby neural tissues become 
threatened by hypoxic-ischemic insults (Healy et al., 1983). 
Volpe (1987) has elaborated this hypoxic-ischemic process: 
Perinatal asphyxia (a failure of the normal respiratory exchange of 
oxygen and carbon dioxide) leads to hypoxemia (a low amount of blood 
oxygen) and ischemia (a reduction in the quantity of blood perfusing the 
brain). Hypoxemia and ischemia result in an overall depletion of oxygen 
to the infant's brain cells. The GMZ, due to its high demand for 
oxygen, appears to be especially vulnerable to hypoxic-ischemic insults. 
Hemodynamic Changes as a Cause of IVH 
1. Increases in Cerebral Blood Flow and Hypercapnia. One of the 
first investigations to develop the hypothesis that increases in 
arterial cerebral blood flow (CBF) could cause IVH was by Hambleton and 
Wigglesworth (1976). Subsequent research using both animal models and 
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techniques for measuring CBF in neonates have added considerable 
strength to this hypothesis. 
One such study was by Cooke, Rolfe, and Howatt (1979), which 
measured CBF with a jugular occlusion plethysmograph technique. The 
sample consisted of 14 term infants, 13 of which had respiratory disease 
(i.e., hyaline membrane disease). CBF was measured from birth to the 
first 24 hours following birth. CBF values were compared to a 
previously established mean CBF value of 34 ml/100 ml brain/minute. The 
data showed that newborn infants possess a high CBF (60 ml to 100 ml) 
immediately following birth, with levels gradually falling to mean CBF 
values after the first three hours of life. Moreover, in the 13 infants 
with respiratory disease, high CBF values were strongly correlated with 
high levels of blood carbon dioxide (CO2). To interpret their results, 
Cooke et al. (1979) drew upon established factors known to increase CBF: 
Respiratory disease in newborn infants impairs the normal exchange of 
oxygen and CO2 (asphyxia); asphyxia results in an increase of blood 
levels of CO2 (hypercapnia) and a decrease in 02 (hypoxia, hypoxemia); 
hypercapnia results in metabolic changes (acidosis) and a lower blood 
PH; hypoxia, hypoxemia, and hypercapnia initially act to increase CBF. 
Thus, Cooke et al. (1979) were able to add support to the hypothesis by 
Hambleton and Wigglesworth (1976). That is, respiratory disease in 
newborn infants causes increases in CBF, which may in turn be a factor 
causing IVH. In summary form, this hypothesis appears as follows: 
RESPIRATORY DISEASE = ASPHYXIA ~ 02 
(HYPOXIA, 
HYPOXEMIA) 
+ t CO2 
(HYPER-
CAPNIA 
+ .,l, PH 
(ACIDOSIS) 
= INCREASES IN CBF 
= IVH 
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2. Hypertension and Loss of CBF Autoregulation. A second 
important hypothesis dealing with hemodynamic changes and IVH was by 
Lou, Lassen, and Friss-Hansen (1979a; b). They speculated that the 
premature infant, in contrast to the in-utero fetus, experienced high 
arterial blood pressures during delivery and following birth. In 
addition, they postulated that CBF autoregulation, a physiologic 
mechanism which protects the brain and GMZ capillaries from increases or 
fluctuations in systemic blood pressure, becomes disrupted in the 
premature infant. Once the CBF autoregulation fails, it becomes 
pressure passive and is, therefore, dependent upon any variations in the 
arterial blood pressure. Factors believed to increase arterial blood 
pressure from a mean value of 40 mmHg, to an elevated value of 80-100 
mmHg, included deformation of the neonate's skull during delivery, 
asphyxia, increases in motor activity due to spontaneous movements or 
handling and convulsions. 
Milligan (1980) added support to the Lou et al (1979a; b) 
hypothesis by observing that increases in arterial blood pressure were 
followed by striking increases in CBF. In addition, four of the five 
infants studied sustained IVH within 12 hours of the increased CBF. 
One of the most important advances in research on IVH etiology and 
pathogenesis was the development of an adequate animal model. Using the 
beagle puppy and the rabbit pup, investigators were able to test 
hypotheses of Hambleton and Wigglesworth (1976) and Lou et al. (1979a; 
b) by experimentally creating the conditions believed to produce IVH. 
Goddard, Lewis, Alcala, and Zeller (1980) were among the first to 
utilize the beagle puppy as a model for studying hemodynamic changes and 
IVH. The purpose of their study was to cause IVH by exposing beagle 
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pups to increasing levels of CO2, while measuring systemic blood 
pressure. Two groups of animals were studied: four pups received 
gradually increasing levels of CO2, and five were exposed to rapid 
increments of CO2. Two of the total nine pups developed IVH. Both of 
these animals were given rapid exposure to CO2, and both had higher 
blood pressures prior to the exposure. The authors concluded that the 
beagle puppy was a good histological model, and that their results added 
support to the hypothesis proposed by Lou et al. (1979a; b). 
A second study by Goddard and colleagues (Goddard, Lewis, 
Armstrong, & Zeller, 1980) experimentally induced rapid hypertensive 
states in nine beagle pups. Results showed that after one hour of 
sustained hypertension, seven of the nine animals demonstrated, on 
autopsy, the presence of intraventricular hemorrhages. Blood pressure 
increases of 20 to 40 mmHg, when initiated rapidly, were sufficient to 
cause these hemorrhages. 
3. Rapid Volume Expansion. Clinical observations made on newborn 
infants with acid/base imbalances provided another hypothesis for the 
genesis of IVH. Simmons, Adcock, Bard, and Battaglia (1974) noticed a 
greater incidence of ICH in deceased infants who had received rapid 
infusions of concentrated sodium bicarbonate. Sodium bicarbonate is a 
common treatment used to correct acid/base imbalances due to metabolic 
acidosis in the preterm infant. Motivated by this observation, Papile, 
Burstein, Burstein, Koffler, and Koops (1978) investigated the 
association between IVH and rapid infusions of sodium bicarbonate in 100 
infants weighing less than or equal to 1500 g. Their data showed that a 
higher incidence of IVH occurred with rapid sodium bicarbonate 
administration, as contrasted with slow dilute infusions. 
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Goldberg, Chung, Goldman, and Bancalari (1980) took a broader 
perspective and studied the relationship between IVH and rapid volume 
expansion by looking at treatments besides sodium bicarbonate infusions, 
where volume replacements occurred in the newborn (i.e., blood 
transfusions, intravenous fluids for low blood pressure). Their study 
consisted of two groups: group one consisted of 17 preterm infants with 
IVH, group two had 17 preterm infants without IVH. Comparisons between 
the two groups were made on the amounts and methods of fluid infusions. 
The probability of developing IVH was found to be 14 times greater if 
the infants received rapid excessive infusions. The authors speculated 
that the excessive volume expansion through intravascular volume 
replacement caused increases in CBF, which in turn caused IVH. 
4. Decreases in Cerebral Blood Flow and Hypotension. In the 
attempt to cause experimental brain hemorrhages, a method of first 
withdrawing 20% of the animal 1 s blood volume (induction of hypotension), 
immediately followed by volume re-expansion, was found to produce IVH in 
75% of the experimental animals (Ment, Stewart, Duncan, & Lambrecht, 
1982). 
Conner, Lorenzo, Welsch, and Dorval (1983) also hypothesized that 
hypotension played a role in the origin of IVH. To test this 
hypothesis, intracranial hypotension was induced in rabbit pups. The 
results demonstrated that hypotension caused IVH to increase by a factor 
of 3.5. 
Moore (1986) has discussed the possible mechanism by which 
hypotension may lead to IVH: 
Decreased 
Cerebral 
Hypotension ----'.)- Blood Volume--~> Ischemia 
and CBF 
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Rupture of 
--) GMZ ~ IVH 
Capi 11 aries 
5. Fluctuating CBF. Perlman, McMenamin, and Volpe (1983) observed 
that premature infants who required mechanical ventilation for 
respiratory distress syndrome exhibited a pattern of fluctuating or 
alternating CBF velocity during the first 24 hours of life. In 
addition, they found that 90% of the infants with this fluctuating 
pattern developed IVH within the following 48 hours. 
To test the hypothesis that elimination of fluctuating CBF would 
reduce the incidence of IVH, Perlman, Goodman, Kreusser, and Volpe 
(1985) conducted a randomized study with two groups of LBW infants. 
Group 1, the treatment group, received an intravenous dose of 
pancuronium bromide to induce muscle paralysis; Group 2, the control 
group, received no treatment. Muscle paralysis had been previously 
determined to change a fluctuating CBF velocity into a stable one. Both 
groups had a fluctuating pattern, a need for mechanical ventilation, and 
an absence of IVH, prior to the random assignment. Diagnosis of IVH was 
made by US. The results showed a sharp reduction in IVH incidence and 
severity in the experimental or paralyzed group. This group 
demonstrated a 36% IVH incidence as compared to the control group which 
had a 100% incidence. The authors concluded that fluctuating patterns 
of CBF velocity cause IVH,and that the mechanism of cause is related to 
the infant's respiratory effort against the mechanical ventilator. This 
effort results in fluctuations of the neonate's blood pressure, which in 
turn causes fluctuations in CBF velocity. 
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Support for this hypothesis (CBF fluctuations cause IVH) has been 
provided by beagle puppy model research (Ment, Stewart, and Duncan, 
1985) and by studies utilizing pharmacological agents to reduce the 
incidence of IVH (Ment, Duncan, et al., 1985). In the latter research, 
Ment and her associates demonstrated that indomethacin, an agent 
believed to decrease CBF, reduced the incidence of IVH in preterm 
neonates. They concluded that "IVH may be the result of alterations in 
CBF to a germinal matrix capillary bed that has been damaged by 
ischemia 11 (Ment, Duncan, et al., 1985, p. 941). It is noteworthy that 
GMZ damage appeared to occur prior to CBF alterations. 
6. Increases in Cerebral Venous Pressure. Increases in cerebral 
venous pressure have been implicated as causal factors of IVH. 
According to Volpe (1987), the four most common causes for elevated 
cerebral venous pressure are the presence and duration of labor, breech 
delivery, asphyxia, and neonatal respiratory disturbances. A more 
detailed discussion of obstetric and neonatal medical complications is 
presented in the literature review section of correlates of IVH. 
7. Environmental Causes of Elevations in Cerebral Blood Flow. 
Recent research on the environmental care of infants in the Neonatal 
Intensive Care Unit (NICU) has shown that LBW babies are especially 
prone to overstimulation through caregiving procedures, medical 
interventions, and excessive sensory input (Als et al., 1986; Thoman and 
Graham, 1986). 
This overstimulation influences physiologic states of the newborn, 
specifically the amount of time the infant spends in quiet sleep (Thoman 
& Graham, 1986). Milligan (1979), Mukhtar, Cowan, and Stothers (1982), 
and Rahilly (1980), have demonstrated that CBF in the neonate increases 
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during active sleep and decreases during quiet sleep. Active sleep was 
defined as the presence of rapid eye movements (REM), frequent body 
movements, and a fast, low voltage, EEG. Quiet sleep was defined as an 
absence of REM and body movements, and a higher amplitude, low voltage, 
EEG. 
Although the contributions of overstimulation to the genesis of IVH 
are not known, the fact that environmental factors can influence CBF has 
implications for caretaking procedures in the NICU. Inappropriate and 
excessive sensory input appears to increase the amount of time needed on 
mechanical ventilation (Als et al., 1986); infants, given the chance to 
self-regulate environmental stimulation, spend more time in quiet sleep 
(Thoman & Graham, 1986). 
Blood Coagulation Abnormalities 
as a Cause of IVH 
A somewhat controversial condition, blood coagulation abnormalities 
(coagulopathy), are suspected to be an element in the pathogenesis of 
IVH. Setzer et al. (1982) studied various factors involved in the 
process of blood clotting, and found that premature infants with IVH 
exhibited longer bleeding times and lower platelet counts than infants 
without IVH. CT scans were not made throughout the study, so it was not 
known if the coagulation abnormalities preceded or followed the onset of 
the hemorrhage. 
Beverley, Chance, Inwood, Schaus, and O'Keefe (1984) were able to 
show that coagulation disturbances in preterm infants were present at 
the time of birth, and that the severity of the brain hemorrhage 
correlated positively with coagulopathy severity. The authors believed 
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that disturbances of coagulation could be due to either fetal illness or 
placental pathology. 
McDonald, Johnson, et al. (1984a) also found longer bleeding times 
in premature infants with IVH. In addition, infants born to mothers 
with gestational complications (i.e., premature rupture of membranes) 
showed greater coagulopathy and more severe brain hemorrhages. To 
eliminate the possibility that the observed changes in blood coagulation 
were due to the use of aspirin or other drugs which inhibit platelet 
functioning, drug histories of the mothers were obtained. None of the 
coagulopathy found was associated with the use of aspirin. 
A study of the relationship between maternal aspirin use and IVH 
was undertaken by Rumack et al. (1981). Their sample consisted of 108 
infants of birthweights less than 1500 g. Aspirin use was obtained from 
the mother1 s history. The data showed that infants born from mothers 
who had taken aspirin within the last week of pregnancy had a higher 
incidence of IVH, as compared to a control group of infants whose 
mothers had not ingested aspirin. 
The validity of the Rumack et al. (1981) study was challenged by 
Soller and Stander (1981) for using inappropriate data analysis, failure 
to control for other etiological factors believed to cause IVH, and for 
not using a procedure to verify the accuracy of the mother1 s aspirin 
use. 
Some of the methodological weaknesses of the Rumack et al. (1981) 
study were corrected by Stuart, Gross, Elgrad, and Graeber (1982) in 
their investigation of aspirin ingestion and blood coagulopathy. 
Maternal aspirin use was determined by a biochemical assay method and a 
verbal history. Results demonstrated that aspirin use prior to delivery 
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was associated with coagulation disturbances in the mother and her 
neonate. Furthermore, the newborn infant appeared to have a greater 
susceptibility than their mother to the coagulation abnormalities caused 
by aspirin use. The authors concluded that aspirin use is 
contraindicated during pregnancy and delivery. 
Unfortunately, the study did not investigate IVH occurrence. 
Therefore, the relationship between maternal aspirin use and IVH is 
still in doublt. 
Antenatal Factors as a Cause of IVH 
In comparison to the previously discussed causal factors of IVH, 
antenatal or maternal variables which occur prior to birth, have 
received less attention. This is not surprising since IVH is a 
postnatally acquired insult. However, the fact that IVH occurs 
postnatally does not eliminate the possibility that variables operating 
in the antenatal time period might predispose the infant to brain 
hemorrhages. 
Several investigators have hypothesized that the genesis of IVH may 
be in the antenatal period. Soller and Stander (1981) have implicated 
maternal nutrition factors and the use of alcohol and cigarettes; de 
Courten and Rabinowicz (1981) held that prenatal factors are the major 
cause of IVH in stillborn infants; McDonald, Koops, et al. (1984, p. 32) 
concluded that, 11ICH appears to be more related to prenatal stresses 
than to specific postnatal complications;" Beverly et al. (1984) 
postulated that placental pathology is a factor in IVH; Weindling et al. 
(1985) suggested that antenatal events may be involved in the onset of 
IVH. 
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Evidence that antenatal factors might predispose the newborn to IVH 
and consequent brain damage was provided by Naeye (1986a) when data from 
the Collaborative Perinatal Study (CPS) were reanalyzed. The CPS was an 
eight-year longitudinal study conducted from 1959 to 1966, and included 
50,000 pregnancies. Its purpose was to investigate fetal, intrapartum, 
and neonatal factors which influenced child development. 
Using CPS data from 35,000 pregnancies, with the seven-year 
neurologic follow-up on the children born from these pregnancies, Naeye 
(1986a) investigated factors hypothesized to lead to childhood neuro-
developmental handicapping conditions. His study found that most of the 
factors which correlated positively with neurodevelopmental 
abnormalities occurred before birth, and that the central common feature 
shared by these factors was a low blood flow from the uterus to the 
placenta. 
The normal adaptation to pregnancy is a 40% increase in the 
mother's blood volume (Winick, 1986). During the last trimester of 
pregnancy, this rise in blood volume causes a dilution of the blood 
hemoglobin concentration to values below 12 g per deciliter. The rise 
in blood volume augments the blood flow from the uterus to the placenta, 
which in turn increases the transport of oxygen and nutrients to the 
fetus. Any factor or event which causes chronic or intermittent low 
uteroplacental blood flow during pregnancy could also cause fetal 
hypoxia with resulting brain damage (Naeye, 1986a). 
Additional research aimed at elucidating the mechanism of reduction 
of blood flow from the uterus to the placenta has been conducted by 
Naeye and his associates and includes the investigation of disorders of 
the fetal membranes, umbilical cord, and the placenta. 
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Naeye and Tafari (1983), and Naeye, Maisels, Lorenz, and Botti 
(1983) studied the role which chorioamnionitis, a maternal bacterial 
infection of the fetal membranes and amniotic fluid, might play in 
infant morbidity and mortality. Since this antenatal infection was 
known to produce clinical symptoms (i.e., low Apgar scores, the need for 
resuscitation and mechanical ventilation at birth, RDS) similar to those 
produced by lack of oxygen to the fetus (hypoxia), the researchers 
speculated that chorioamnionitis might be involved in the reduction of 
blood flow to the fetus. They found that in 87% of the placentas with 
chorioamnionitis, swelling of the placenta, or placental edema, was 
present. Placental edema was postulated to form a barrier between the 
fetus and the umbilical cord and placenta by compressing placental blood 
vessels. Thus, placental edema was implicated as a major cause of 
reduced blood flow from the placenta to the fetus . 
The cause of placenta edema is thought to be the release of 
chemical substances, possibly catecholamines, by the fetus during 
stress. Placenta edema occurs most frequently in the 25th to 32nd week 
of gestation, and in combination with chorioamnionitis, is the major 
cause of preterm labor (Naeye & Tafari, 1983). 
In summary form, the hypothesis by Naeye et al. (1983) and Naeye 
(1986a; b) appears as follows: 
decreased 
Fetal __ Fetal release o_f __ >~Chorioamnionitis ---~..,,Uteroplacental 
Stress ~ Catecholamines and Placenta Edema Blood Flow 
IVH ~~----Early Onset of *'"(--Preterm Labor,<:--
Birth 
J 
Fetal Hypoxia 
Factors that may be involved in producing stress on the fetus and 
which could initiate placental edema include: undernutrition, work 
requiring the mother to stand all day, cigarette smoking, or labor and 
delivery longer than 20 hours (Naeye & Tafari, 1983). 
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Further support for the hypothesis that antenatal factors might 
cause neurodevelopmental disorders, such as IVH, is found in studies of 
the clinical significance of umbilical cord lengths and placental 
weights. 
Naeye (1985) showed that short umbilical cords were correlated with 
a high incidence of childhood psychomotor impairments. He argued that 
since prenatal conditions are responsible for determining the length of 
the umbilical cord, then short cord lengths would indicate that adverse 
developmental factors had occurred prior to labor and delivery. 
The ratio of the weight of the placenta to the neonate's 
birthweight has been found to be predictive of later childhood 
developmental outcomes (Naeye, 1987). Low weight placentas were found 
to be associated with lower than expected body size in children, and may 
reflect low uteroplacental blood flow. Naeye recommended that a 
placental examination be performed for all premature infant births. 
The research by Naeye and his colleagues serves to broaden the 
conceptual framework of IVH investigations. That is, stress occurring 
prior to birth may be related to the pathogenesis of IVH. In addition, 
the established idea that brain damage in infants occurs predominantly 
in the postnatal period has been challenged. 
In summary, "the characterization of the intrapartum period as the 
time when brain damage occurs should be put into perspective .... While 
this 12 to 24 hour (postnatal) period is indeed important, the entire 
prebirth period from conception through early neonatal life represents 
areas for study" (Dierker & Rosen, 1986, p. 14). 
Correlates of IVH 
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This portion of the literature review presents studies on 
correlates or predictors of IVH. In some respects, the division between 
research on IVH etiology and that on correlates may be an artificial 
one--both share the attempt to discover and explain the nature and 
development of this neurological disorder; both investigate similar 
factors and medical complications. On the other hand, studies of IVH 
predictors rarely utilize animal models and the experimental production 
of brain hemorrhages, nor do they assert causality. Correlate research 
is aimed at identifying independent variables which are associated with, 
and predictive of, IVH. 
The research articles on IVH predictors are presented in three 
organizational categories: obstetric, neonatal, and maternal. A 
summary of 15 major studies is found in Tables 3 and 4 on pages 34 to 
38. 
Obstetric Correlate Studies 
The underlying rationale of the obstetric studies is that since 
most of the hemorrhages occur within 72 hours following birth , labor and 
delivery events should be correlated with their onset. However, 
considerable controversy and conflicting findings surround the attempt 
to identify obstetric risk factors. The center of this debate revolves 
around the importance of the mode of delivery of the preterm neonate, 
and whether the mother underwent labor. 
Table 3 
Summary of Literature for Correlates of Intraventricular Hemorrhage 
Author/Date Sample Selection Size Imaging Modality Grading System IVH % Correlates of IVH 
Dykes et al., < 35 weeks GA 151 CT, Autopsy, Not graded 42 1. Alveolar rupture 
1980 Ventricular Tap 2. Hypoxemia 
3. Hypercarbia 
4. Mechanical ventilation 
5. Peak inflation pressure> 25 
cm H20 
6. Inspiratory to expiratory 
ratio> 1:1 
7. Patent ductus arteriosus 
8. Administration of bicarbonate 
9. Volume expansion 
10. Hypotension 
11. Hyaline membrane disease 
12. SGA 
Kosmetatos et < 1500 g 64 CT Ratio of 54 1.1 min. APGAR< 4 
a 1., 1980 ventricular 2. Respiratory distress syndrome 
width to 3. Acidosis 
brain width 4. Hypoxia 
5. Apnea 
6. Hypotension 
7. Seizures 
8. Fluid intake> 150 ml/kg/day 
9. Vaginal delivery 
10. Ventilator support 
11. Ventilation in delivery room 
Clark et al., < 1250 g 60 CT, Autopsy Papi le 32 1. Outborn birth 
1981 
Cooke, 1981 < 1,500 g 39 Ultrasound Papi le 51 1. Respiratory distress 
2. Ventilator therapy 
3. Fall in hematocrit 
4. Metabolic acidosis 
5. Hypercapnia 
w 
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Table 3 (continued) 
Summary of Literature for Correlates of Intraventricular Hemorrhage 
Author/Date 
de Courten, et 
al., 1981 
Levene et al., 
1982 
Greisen et a 1., 
1983 
Horbar et al., 
1983 
Sample Select ion 
only infants 
stillborn or 
deceased 
< 34 weeks GA 
< 1500 g 
< 1200 g 
Size Imaging Modality 
200 Autopsy 
146 Ultrasound 
142 Ultrasound 
77 Ultrasound 
Grading System 
not graded 
Own system based 
on size and 
extent of IVH 
Own system based 
on ventricular 
di la tat ion 
NA 
IVH % 
NA 
36 
39 
55 
Correlates of IVH 
1. Lower brain weights for 30 
weeks onward 
2. Pulmonary disease 
3. Hyaline membrance disease 
4. Cardio-respiratory failure 
5. Fall in hematocrit 
l.Outborn birth 
2. Administration of 
bicarbonate 
3. Respiratory distress syndrome 
4. Hypercapnia 
5. Respiratory support 
6. Severe Acidosis 
7. Hypothermia 
8. Short gestation 
1. Vaginal birth 
1. Longer labor 
2. Short gestation 
3. Vaginal delivery 
(Table 3 continues) 
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Table 3 (continued) 
Summary of Literature for Correlates of Intraventricular Hemorrhage 
Author/Date 
Thorburn et al., 
1982 
Sample Selection 
< 33 weeks GA 
Bada et al., 1984 < 1500 g 
Strauss et a 1., 
1985 
< 1500 g 
Size 
95 
155 
119 
Imaging Modality Grading System 
Ultrasound Papi le 
Ultrasound Papi le 
Ultrasound Papi le 
IVH % 
38 
79 
24 
Correlates of IVH 
!.Vaginal and breech delivery 
2. Outborn birth 
3. Lower birthweight 
4. Short gestation 
5. Hyaline membrane disease 
6. Pneumothorax 
7. Temp< 35° c. 
8. Pao2 < 35 mm Hg 
9. PH< 7.15 
10. PaCo2 > 65 mm Hg 
11. Low blood pressure 
12. Prolonged blood coagulation 
13. Administration of bicarbonate 
14. Mechanical ventilation by 
endotracheal tube 
15. Tolazoline 
16. Antibiotics 
17. Phototherapy 
1. Low birthweight 
2. Short gestation 
3. 1 min APGAR< 5 
4. 5 min APGAR< 5 
5. Intubation 
6. Ventilator support 
7. Rectal temp. < 97° F. 
(36° c.) 
8. Heart rate< 120 bpm 
9. Blood pressure< 30 
1. Short gestation 
2. Ominous fetal heart rate 
patterns 
3. 5 min APGAR low 
4. Assisted ventilation 
(Table 3 continues) w 
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Table 3 (continued) 
Summary of Literature for Correlates of Intraventricular Hemorrhage 
Author/Date Sample Selection Size 
Tejani et al., < 2000 g 126 
1984 
Szymonowicz et < 1250 g 50 
al.. 1984 
McDonald et al., < 35 weeks GA 50 
1984b 
Weindling et al., < 1501 g or 86 
1985 34 wks GA 
Imaging Modality 
Ultrasound 
Ultrasound 
Ultrasound 
Ultrasound 
Grading System IVH % 
Papi le 15 
Ventricular 60 
index based on 
ventricular size 
Papi le 30 
Levene 40 
Correlates of IVH 
I.Death of infant 
2. 1 min APGAR low 
3. 5 min APGAR low 
4. Presence of labor 
5. Short gestation 
6. Respiratory distress syndrome 
7. Lower birthweight percentile 
1. Birth bruising 
2. Low birthweight 
3. Short gestation 
4. Pa02 / Fi 02 ratio low 
5. Lower hematocrit 
6. Hyaline membrane disease 
7. Assisted ventilation 
8. Pneumothorax 
9. Administration of 
Tubocurarine 
10. Hypercapnia 
11. Hypoxaemia 
12. Hypotension 
1. Vaginal delivery 
2. Longer labor 
3. 5 min APGAR< 5
4. Placenta abruptio or previa 
5. Plasmanate infusions for 
hypotension 
6. Blood pressure fluctuations> 
100% 
1. Perinatal hypoxia 
2. Acidosis 
3. Hypercapnia 
4. Hypoxia after birth 
5. 5-minute Apgar< 6 
w 
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Table 4 
Most Frequent Findings for the Literature Summarized in Table 3 
Correlate of IVH 
1. Mechanical or assisted ventilation 
2. Hypotension 
3. Short gestation 
4. Hypercapn i a 
5. Vaginal delivery 
6. Acidosis 
7. Respiratory distress syndrome or 
hyaline membrane disease 
8. Lower birthweight 
9. Low 5-minute APGAR score 
10. Low 1-minute APGAR score 
11. Hypoxia 
12. Hypothermia 
13. Outborn birth 
14. Fall in or lower hematocrit 
15. Administration of bicarbonate 
Hypotension = systolic blood pressure< 30 mmHg 
Hypercapnia = PaCo2 > 60 mmHg or 8kPa 
Acidosis= arterial pH< 7.20 
Hypoxia= Pao2 < 50 mmHg, or a 5-minute Apgar< 6 
Hypothermia= rectal temperature< 36 C or 97 F 
Frequency Reported 
8 
8 
7 
6 
5 
5 
5 
4 
4 
3 
3 
3 
3 
3 
3 
Tejani et al. (1984), using a sample of 126 premature infants, 
studied the association between labor and the incidence of IVH. The 
mean birthweight (BW) and gestational age (GA) for the non-IVH group was 
1479 g and 31.2 weeks, respectively. The mean BW and GA for the IVH 
group was 969 g and 28.5 weeks. The sample was selected by enrolling 
all infants weighing 2000 g or less for a one-year period, and included 
only inborn neonates. Inborn neonates were defined as babies delivered 
in the same hospital in which the study was conducted. Outborn births 
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were those infants born outside the hospital in which the investigation 
was conducted. By comparing the IVH group with the non-IVH group, a 
strong association between the presence of labor and the occurrence of 
IVH was found. It was concluded that stress during labor and delivery 
predisposed the infant to IVH. Tejani et al. recommended that to reduce 
IVH occurrence, identified premature infants should be delivered by 
cesarean section prior to the onset of labor. 
An earlier study which agreed with the recommendations of Tejani et 
al. (1984) was by Kosmetatos, Dinter, Williams, Lourie, and Berne 
(1980). The sample of 64 infants consisted of both inborn and 
transported babies (infants born outside the hospital and transported to 
the NICU). The mean BW and GA of the non-hemorrhage group was 1248 g 
and 30.9 weeks, respectively. The mean BW and GA of the hemorrhage 
group was 1038 g and 28.4 weeks. All infants weighing 1500 g or less 
were admitted into the eight-month study. This investigation found that 
the majority of the infants who developed IVH also had _been born 
vaginally. The authors speculated that the process of passing through 
the birth canal increased the chance that the premature infant's soft 
head would be traumatized. The study suggested that cesarean section 
might reduce the incidence of IVH. 
Lagercrantz and Slotkin (1986) discussed how the process of birth, 
in which the infant passes through the birth canal, actually increased 
the neonate's ability to survive. In this study, birth stress caused by 
the squeezing of the infant's head against the birth canal and by 
periodic deprivation of oxygen during uterine contractions, was found to 
cause a release of catecholamines into the newborn's bloodstream. This 
surge of adrenalin and noradrenalin protected the infant from oxygen 
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deprivation, promoted normal lung functioning, and increased the 
infant's blood flow to vital organs such as the brain and heart. 
Moreover, it was found that infants delivered by mothers who did not 
undergo labor and who had cesarean sections had considerably lower 
levels of catecholamines. Apparently, the release of these "stress" 
hormones protect the newborn infant from asphyxia, thereby enhancing 
their ability to survive extrauterine life. 
It is not known if the release of catecholamines by LBW newborns is 
related to IVH. However, as previously discussed, increases in the 
infant's CBF, due to the release of adrenalin and noradrenalin, may be a 
factor in the mechanism of IVH development. 
Greisen and Petersen (1983) examined the association between method 
of delivery and IVH. The sample was composed of 152 inborn and outborn 
babies weighing less than 1500 g, and was divided into two groups 
(vaginal and cesarean), based on the method of delivery. The former 
group had a mean BW and GA of 1120 g and 28.5 weeks, respectively. The 
latter had a mean BW and GA of 1181 g and 30.5 weeks. The data showed 
that the cesarean section group had a lower incidence of IVH. Further 
analysis, using IVH occurrence as the dependent variable, revealed that 
GA and the use of mechanical ventilation were the greatest contributors 
to IVH. However, only 27% of the total variability was explained. Part 
of the reason for the reduced incidence of IVH found in the cesarean 
section group was explained by the fact that these infants had higher 
gestational ages, making their organ systems more mature. The authors 
made the same conclusion as Tejani et al. (1984), and Kosmetatos et al. 
(1980); namely, that cesarean sections may reduce IVH and should be used 
for LBW deliveries. 
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The research by Greisen and Petersen (1983) is noteworthy because 
it is one of the few existing studies which attempted to quantify the 
contributions that the independent variables made to the development of 
IVH. However, since the cause of IVH is multifactorial, a broader 
spectrum of possible correlates must be included in the analysis. 
Clark et al. (1981) studied obstetric risk factors believed to be 
related to IVH. Sixty newborn babies, inborn and outborn, weighing less 
than 1250 g, were examined for IVH. No association between mode of 
delivery or presence of labor and the development of IVH was 
demonstrated. In fact, the only obstetric factor found to be predictive 
of IVH was the infant's place of birth. Outborn births had a greater 
incidence of IVH than inborn. The immediate care received at the NICU 
apparently reduced the overall incidence of IVH. 
A second study which found no correlation between mode of delivery 
or the presence of labor and the development of IVH was conducted by 
Bada, Korones, Anderson, Magill, and Wong (1984). One hundred fifty-
f ive VLBW infants underwent ultrasound scans to detect the presence or 
absence of IVH. Infants weighing less than 1500 g and who were inborn 
were enrolled in this study. The mean BW and GA for the entire sample 
was 1077 g and 30.6 weeks, respectively. Obstetric factors studied 
included: presence and duration of labor, mode of delivery, birth 
presentation (i.e., vertex or breech), premature rupture of membranes, 
administration of drugs, type of anesthesia, and obstetric complications 
(i.e., toxemia, hypertension, eclampsia). None of these obstetric 
factors were found to be predictive of IVH. 
A third study which produced conclusions contradicting the 
conclusions of Tejani et al. (1984) was an investigation by Burke and 
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Porreca (1985). They argued that Tejani et al. did not control for 
neonatal factors which have been found to be highly related to the 
incidence of IVH (i.e., gestational age, RDS, ventilator requirements, 
and neonatal interference with respiration). Burke and Porreca 
recommended that until further investigations of IVH are undertaken, the 
conclusion by Tejani et al. that cesarean section decreases the 
incidence of IVH be interpreted with caution. The Burke and Porreca 
(1985) study illustrates the importance of a comprehensive approach to 
the investigation of factors associated with IVH. Ideally, independent 
variables should be selected from each time period in which stress to 
the infant could occur and analyzed collectively. 
Horbar, Pasniek, McAuliffe, and Lucey (1983) also studied obstetric 
events and their relationship to IVH. Seventy-seven inborn and outborn 
babies, weighing between 500 and 1200 g, were enrolled in this three-
year study. The mean BW and GA for the infants without IVH was 1008 g 
and 30.4 weeks, respectively. The mean BW and GA for the IVH infants 
was 976 g and 29.1 weeks. Using first-order, or univariate statistical 
tests of association between discrete independent variables and IVH, 
three correlates were identified; (1) prolonged labor (lasting six hours 
or more), (2) gestational ages shorter than 30 weeks, and (3) vaginal 
delivery. When second-order associations were studied through the use 
of multivariate tests, two interactions were found, (1) (gestational 
age) X (delivery presentation), and (labor length) X (delivery 
presentation). IVH incidence increased with the interaction between 
shorter gestational ages and a vertex presentation. The probability 
that IVH would occur increased three times with non-vertex presentations 
(i.e., breech) and longer labor lengths. Thus, it was found that the 
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interactions of gestational ages and labor length with birth 
presentation determined the probability of IVH occurrence. 
The Horbar et al. (1983) study is important because the researchers 
were able to demonstrate that IVH is the result of complex interactions 
of factors. In addition, they were able to generate a mathematical 
model (the model used was not reported) to predict the occurrence of 
IVH. Using the interaction of correlates, their model was able to 
correctly classify 70% of their sample into either a hemorrhage or a 
non-hemorrhage group. 
Additional methodological considerations which would strengthen 
this study include: 
1. A larger sample size 
2. Use of inborn infants only 
3. Grade IVH into levels of severity 
4. Select independent variables from all possible time periods 
stress could occur to the mother, fetus, or neonate. 
Neonatal Correlate Studies 
The condition of the newborn infant immediately following birth is 
highly related to IVH. Since most of the tiny neonates with IVH are 
born prematurely, their organ systems are immature; hence, they are more 
susceptible to extrauterine stress and pathophysiology. This section 
deals with the more common medical complications observed in premature 
infants and their relationship to IVH. 
Respiratory distress syndrome (RDS--hyaline membrane disease, HMD) 
is one of the most prevalent disorders found in premature infants, and 
is a major cause of morbidity and mortality (Bobak & Jensen, 1987). 
Although the exact cause of RDS is unknown, it is believed to be due to 
a deficiency of surface active material called surfactant, which 
prevents the collapse of the lung alveoli (Healy et al., 1983). The 
lack of surfactant increases the work required to re-expand the lungs 
' 
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and results in fatigue, hypoxia, and hypercapnia (Boback & Jensen, 
1987). The incidence of RDS is related to gestational age, and may 
occur in 70% of newborns with gestational ages between 28 and 30 weeks 
(Pettett, 1986). RDS first appears within four to six hours following 
birth, and its diagnosis is confirmed by x-ray (Boback & Jensen, 1987). 
Treatment for RDS usually entails ventilatory management and mechanical 
ventilation. 
Several studies (Cooke et al., 1979; de Courten & Rabinowicz, 1981; 
Dykes, Lazzara, Ahmann, & Blumenstein, 1980; Garcia-Prats, Procianoy, 
Adams, & Rudolph, 1982; Perlman et al., 1983; Rayburn, Donn, Kolin, & 
Schork, 1983; Szymonowicz, Yu, & Wilson, 1984) have found a consistent 
association between RDS and IVH. As previously discussed in the review 
of IVH etiology, metabolic and CBF changes caused by RDS, as well as the 
infant 1 s respiratory effort against the ventilator, interact to play a 
role in the origin of IVH. 
Bronchopulmonary dysplasia (BPD) is a chronic lung disease in 
premature infants and has also been associated with IVH (Landry, 
Fletcher, Zarling, Chapieski, & Francis, 1984). It occurs in roughly 
18% to 35% of VLBW infants, and is commonly identified after mechanical 
ventilation therapy has been used to treat RDS (Pettett, 1986). 
Diagnosis of BPD is by radiographic techniques. The cause of BPD is 
related to immature lung development and oxygen toxicity where high 
oxygen concentrations (i.e., greater than 50%) are used in conjunction 
with assisted ventilation (Boback & Jensen, 1987). Treatment involves a 
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multidisciplinary team approach, including early developmental 
interventions and parental support, since BPD may require up to two 
years of care for a complete recovery (Pettett, 1986). 
IVH has been strongly associated with pneumothorax (PT), another 
common medical complication frequently identified in premature infants 
with RDS (Lipscomb et al., 1981; Thornburn, Lipscomb, Stewart, Reynolds, 
& Hope, 1982). PT is a complication of mechanical assisted ventilation 
(Hill, Perlman, & Volpe, 1982), and causes escaped air to collect in the 
pleural space between the chest wall and the lung. Its relationship to 
IVH has been investigated by Goldberg (1981) and Hill et al. (1982). 
Their studies demonstrated that PT causes increases in the systolic 
blood pressure of the neonate. Hill et al. (1982) were able to show 
that the onset of IVH closely followed elevations of blood pressure. 
Moreover, it appeared that the increased blood pressure caused a greater 
blood flow to the GMZ capillaries. 
Patent ductus arteriosus (PDA) is a congenital cardiovascular 
abnormality which occurs in 15% to 36% of premature infants (Pettett, 
1986). It is a vascular connection, remaining from earlier fetal life, 
between the aorta and the pulmonary artery. Usually, the ductus closes 
shortly after birth. If it does not, surgical or pharmacological 
treatments become necessary. 
Closure of the ductus by surgery has been associated with IVH. 
Marshall, Marshall, and Reddy (1982) monitored physiologic changes in 13 
preterm neonates following surgical ligation of PDA. An abrupt increase 
in arterial blood pressure was observed immediately after the ductus was 
closed. In two infants, IVH occurred after the surgery. The observed 
increase in blood pressure was thought to have contributed to the 
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appearance of IVH. Gradual closure of the ductus arteriosus was 
recommended to reduce the sudden blood pressure increases. 
The general condition of the infant at birth has also been found to 
be predictive of IVH. A common method of assessing the infant's 
condition is a scoring system called the Apgar score, which measures 
heart rate, respiratory effort, muscle tone, reflex irritability, and 
skin color. Each of these five parameters is scored as a 0, 1, or 2, 
and is recorded at one and five minutes following delivery. Ten 
represents the highest score and is indicative of a healthy infant. 
Several authors (Bada et al., 1984; Kosmetatos et al., 1980; 
Strauss, Kirz, Modanlou, & Freeman, 1985; Tejani et al., 1984; Weindling 
et al., 1985) have found that Apgar scores below a value of six are 
highly predictive of IVH. Apgar scores are also used to define 
conditions of low oxygen availability in neonates. Weindling et al. 
(1985) defined low oxygen availability (perinatal hypoxia) as a five-
minute Apgar score of less than or equal to 6. 
Maternal Correlate Studies 
Maternal or antenatal correlates are those factors operating prior 
to birth which are believed to predispose the infant to IVH. The time 
span for inclusion in this category of variables is primarily from 
conception to the onset of labor. However, since some maternal 
illnesses, such as diabetes, can influence gestation, the mother's 
medical history prior to conception of the infant is also an important 
part of the antenatal time period. Specific maternal factors included 
in this group of correlates are: (1) the mother's health and medical 
history, (2) age, (3) race, (4) socioeconomic status (SES), (5) use of 
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medications or drugs, (6) marital status, (7) prenatal care, and (8) the 
measurement of variables which are determined by antenatal factors 
(i.e., blood flow from the uterus to the placenta, placental weights, 
umbilical cord lengths, maternal hemoglobin values). 
There are few separate or discrete studies on maternal factors and 
IVH. Rather, investigators have included antenatal variables as part of 
studies which examine obstetric or neonatal predictors. 
Levene, Fawer, and Lamont (1982) studied 32 clinical factors 
hypothesized to be predictive of IVH. Their sample consisted of 146 
infants of 34 weeks or less GA, and included inborn, outborn, and in-
utero transfers. Descriptive statistics for birthweights and GA were: 
weight range of 705 to 2920 g, median of 1390 g; GA range of 27-34 
weeks, median of 31 weeks. Maternal independent variables investigated 
included age, maternal illness or infections, and the use of 
medications. Results revealed that no maternal variables studied were 
associated with IVH. The only obstetric variable found to be predictive 
of IVH was the infant's place of birth (outborn babies had a higher 
incidence of IVH). Neonatal variables, on the other hand, were found to 
be highly associated with IVH, especially RDS. A first order equation 
was constructed to predict IVH as follows: 
Probability of a 0.99 RDS+ 0.62 Mechanical + 0.48 Hypercapnia + 0.91 Acidosis+ 0.69 GA 
IVH Ventilation by 
Intermittent 
Positive Pressure 
The conclusion was made that of the multiple factors identified, RDS was 
the most important predictor of IVH. 
The Levene et al. (1982) study is unique in its reporting of a 
mathematical model to predict IVH. However, the usefulness of this 
model is limited for the following reasons: 
1. Sampling from inborn, outborn, and in-utero transfer babies 
could have introduced extraneous variables (i.e., outborn 
infants may have received different medical treatments than 
inborn) which could influence the occurrence of IVH. 
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2. The model developed to predict IVH did not consider the 
possibility that risk factors interact to produce second-order 
effects. 
3. Only four maternal variables were studied. 
The relationship between maternal age and race, with IVH, was 
studied by Sada et al. (1984), Rayburn et al. (1983), and Tejani et al. 
(1984). No associations between these factors and IVH were identified. 
Maternal illnesses such as antepartum hemorrhage (defined as 
vaginal bleeding during the second or third trimester), preeclampsia, 
and hypertension were investigated by Rayburn et al. (1983), Thornburn 
et al. (1982), and Weindling et al. (1985). No relationship between 
maternal illness and IVH was found. 
A study of IVH and maternal medications taken prior to delivery was 
included in the research by Kosmetatos et al. (1980) and Szymonowicz et 
al. (1984). None of the medications investigated correlated with the 
appearance of IVH. 
Maternal aspirin use and its influence on brain hemorrhages was 
previously discussed when the study of Rumack et al. (1981) was 
reviewed. Volpe (1987), when writing on the potential role of maternal 
drug use concluded, "The possibility of maternal drug effects should be 
considered in the evaluation of pathogenesis in the individual infant 
with IVH" (p. 323). At the present time, there are no known studies 
which examine the possibility that other drugs, such as tobacco, 
alcohol, or psychoactive agents, might be related to the development of 
IVH. 
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Since poverty, poor perinatal nutrition, and lack of prenatal care 
are correlated with a higher incidence of LBW births, especially in 
lower SES groups such as Blacks, Puerto Ricans, and Native Americans 
(Samuels, 1986), the social context of the premature infant may be 
related to IVH. 
Few research studies have examined the correlation between IVH and 
SES, prenatal care, or maternal nutrition. An early study by Harcke, 
Naeye, Storch, and Blanc (1972) found a higher incidence of IVH in poor 
Black and Puerto Rican infants. When their data were corrected for 
gestational age, it was found that the association between IVH and 
poverty or minority race was a result of a higher incidence of 
prematurity in non-Caucasian minority group infants. Thornburn et al. 
(1982) compared a group of 59 IVH infants with 36 non-IVH premature 
infants and found no association between incidence of IVH and levels of 
social class . Bada et al. (1984) studied a group of 122 VLBW neonates 
and demonstrated that infants born to mothers who had received no 
prenatal care had a small increase in the risk of developing IVH. 
The nutritional status of the mother during pregnancy is related to 
fetal and placental growth. Maternal under-nutrition leads to a 
decrease in the mother's blood volume, which in turn reduces the blood 
flow from the uterus to the placenta, and ultimately to the fetus 
(Winick, 1986). (This mechanism, which results in reduced blood flow to 
the fetus, is identical with Naeye et al.'s 1983, 1986a, b, postulated 
ideas concerning origin of IVH.) A rough index of maternal nutrition is 
the weight gain by the mother during pregnancy. An increase of 22 to 32 
pounds (10 to 14.5 kg) is considered normal (Bobak & Jensen, 1987). 
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There are no identified studies which have investigated the possible 
connection between IVH and weight gain during pregnancy. 
In summary, the study of maternal and antenatal predictors of IVH 
has received little attention. The hypothesis by Naeye (1986a, b) (IVH 
originates from antenatal stress which reduces the blood flow from the 
uterus to the placenta,and finally to the fetus) can serve as a guide 
for new IVH research. This hypothesis could be tested by measuring 
maternal factors such as weight gain during pregnancy, hemoglobin 
values, placental weights, umbilical cord lengths, number of prenatal 
visits, parent's economic or SES, marital status, and maternal drug, 
alcohol , and cigarette use during pregnancy. 
Summary 
Due to its high incidence and adverse neurodevelopmental outcomes, 
IVH is considered to be the most important brain hemorrhage found in LBW 
premature infants . 
Neuroradiological innovations, such as CT and US, have made the 
accurate diagnosis of IVH possible. However, the cause of IVH remains 
to be definitively explained . The absence of a clear etiology , combined 
with the exceedingly complex nature of this disorder, have produced 
disparate and conflicting findings concerning the prediction of IVH. 
Volpe (1987) has advanced the understanding of IVH pathogenesis to 
a level where it is now certain that multifactorial events interact to 
produce alterations in the infant's cerebral blood flow. These 
fluctuations appear to directly damage GMZ capillaries and initiate IVH. 
Moore (1986) has broadened the conceptual model of IVH etiology by 
emphasizing the interactions between maternal, fetal, and neonatal 
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conditions. Naeye (1986a, b) developed the hypothesis that the origins 
of IVH lie in antenatal stress which acts to reduce fetal-placental 
blood flow. 
At the present time, there are few published studies which have 
found that maternal correlates predict IVH. Testing of Naeye's 
hypothesis might identify antenatal predictors, and would involve the 
assessment of the following maternal factors: nutritional status and 
weight gain during pregnancy, hemoglobin values, placental weights, 
umbilical cord lengths, and drug and cigarette use. 
Finally, since IVH is the result of multifactorial events, an 
assessment of possible maternal correlates by themselves is 
insufficient. Potential predictors of IVH must be selected from each 
time period stress to the fetus or neonate could possibly occur and 
analyzed collectively. Once specific correlates are identified, a 
second-order model is needed to express the complex interactions 
involved in the prediction of this disorder. 
Figure 3 summarizes such a comprehensive model for the mechanism of 
IVH. 
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CHAPTER III 
PROCEDURES FOR COLLECTION FDATA 
This study was a retrospective investigation and utilized a two-
group comparison research design. The control or comparison group was 
composed of newborn infants without IVH. The experimental group 
consisted of neonates with diagnosed IVH. The independent variables 
were those factors hypothesized to be correlated with two dependent 
variables; namely, the severity and time of occurrence of IVH. The 
following sections of this chapter include a description of the setting, 
population, sample, and the methods used in data collection. 
Setting and Population 
The setting for this investigation was Salt Lake City, Utah, a 
large metropolitan area with a population of approximately 300,000. The 
target population, to which it is possible to generalize results, was 
the population of neonates who were patients in the University of Utah 
Medical Center's Neonatal Intensive Care Unit (UUMC's NICU) during 1985, 
1986, and 1987. 
The incidence of IVH for the UUMC between January 1985 and June 
1986 was 15%; the average annual population of newborn infants was 
approximately 500 (Millard, 1987). 
Enrollment Criteria and Procedures 
The sample for this study consisted of newborn infants with and 
without IVH, all having met the following criteria: 
1. Gestational age of equal to or less than 40 weeks. 
2. Ultrasound determination of the absence of presence of IVH. 
3. IVH severity classified into Grades I, II, III, or IV. 
4. Birth at the UUMC (inborn only). 
The decision to include only inborn infants was due to the 
likelihood that more comprehensive data could be obtained from infants 
born in the hospital. In addition, since different medical treatments 
and procedures are received by babies born outside the hospital, the 
exclusion of in-utero transfers and outborn births reduced the 
possibility that extraneous variables might be introduced into the 
sample. 
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Approval to conduct this investigation and authorization to access 
the UUMC1 s medical records was obtained by written consent from the 
medical director of the UUMC1 s NICU (see Appendix A). The conditions of 
this approval were that obtained data be identified by patient number 
only, and that information collection be limited to the collection and 
recording of data. 
Sample 
A computerized list of inborn infants who had received US scans was 
generated from the UUMC1 s NICU for the time period between 7-1-85 to 
6-30-87. The breakdown of the number of infants selected for this time 
period is shown in Table 5. 
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Table 5 
Time Periods for Sample Selection 
# of IVH or # of Non-IVH or 
Time Period Experimental Infants Contra 1 Inf ants 
7/1/85 - 12/30/85 14 14 
1/1/86 - 12/30/86 51 51 
1/1/87 - 6/30/87 _lQ _lQ 
Group Total 75 75 
SAMPLE TOTAL 150 
Equal numbers of infants from the experimental and control groups 
were collected from each year sampled. Additional sampling criteria for 
sample select ion included the following: 
1. In the total sample, there were 27 twin and two triplet births. 
It was decided to include only one infant from each of these 
multiple births . Since the mother1 s past medical history and 
prenatal course for a twin or triplet birth would be identical 
for each infant, the inclusion of more than one of these 
multiple birth infants might double or triple the weight given 
to the assessed maternal independent variables. By not 
including more than one infant from each pregnancy, a broader 
range of maternal variables was achieved. 
2. Infants with incomplete or missing records were not included in 
the sample. 
3. All infants who met the criteria for selection were included in 
the sample and were chosen by going from the top of the NICU 
list of eligible neonates until the allotted number for each 
year was achieved. The NICU list of infants was ordered by 
infant birth dates. 
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Data Collection 
Demographic, medical, and behavioral data were collected by the 
investigator. The infants' and the infants' mothers' medical records 
comprised the sources of the data and included the family's past health 
history, as well as the infant's admission and discharge records. 
Independent variables were selected from each time period stress 
could occur to the fetus or neonate, and were classified into three 
groups: Maternal variables were those occurring prior to the birth of 
the infant; obstetric factors were those variables operating during 
labor and delivery; and neonatal variables were those measured 
immediately following birth. The first dependent variable was short-
term neurodevelopmental outcome defined as hemorrhage severity (using 
the Papile et al., 1978 grading system), and was determined by a 
radiologist utilizing ultrasonography. The second major dependent 
variable was the time of occurrence of the brain lesion. 
Routine, daily serial US scans are not performed for all infants in 
the UUMC's NICU. Sonographic examination is indicated by serious 
clinical signs, or when an extremely LBW or premature infant is 
admitted. Therefore, the exact time when IVH first develops is not 
known. 
In order to separate correlates (events preceding IVH onset) from 
associates of IVH (variables occurring throughout the neonatal period), 
it was necessary to make the assumption that by the first three days of 
life, all of the brain hemorrhages would have occurred. This assumption 
is based on findings by Dolfin et al. (1983), where 100% of the 
hemorrhages occurred prior to the first 72 hours of life, and by Ment, 
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Duncan, Ehrenkranz, et al. (1984), where 84% of the hemorrhages occurred 
by the first 72 hours. To ensure that the independent variables would 
be predictive of IVH, data collection for neonatal medical complications 
was made from birth to the first three days of life. 
The following 43 maternal variables were studied: 
1. Residence Status 
2. Marital Status 
3. Mother1 s Age 
4. Mother1 s Race 
5. Gravida -- Total number of pregnancies 
6. Para -- Total number of living children delivered 
7. Number of spontaneous or therapeutic abortions 
8. Frequency of prenatal care 
9. Time period when prenatal care was received 
10. Systolic and diastolic blood pressure of mother at time of 
admission to the hospital 
11. Maternal blood type 
12. Maternal weight gain during pregnancy (in kilograms) 
13. Nutritional status -- classified as good or suboptimal 
14. Mother1 s hemoglobin value at admission 
15. Parental SES (The Duncan Socioeconomic Index [Duncan SEI] was 
used to classify each infant•s family on a continuum of 
occupational levels [Miller, 1983]) 
16. Mother was a LBW or premature infant 
17. Mother had a previous LBW or premature infant 
18. Maternal history of hypertension (blood pressure> 140/90) 
19. Maternal history of past shared gestation 
20. Maternal history of diabetes 
Maternal history of thyroid problems 
Maternal history of seizures 
21. 
22. 
23. 
24. 
Maternal history of inf ert i 1 ity for more than one year 
Maternal history of more than one urinary tract infection 
( UTI) 
Maternal history of pelvic inflammatory disease 
Previous pregnancy problem of preeclampsia 
25. 
26. 
27. 
28. 
29. 
30. 
Previous pregnancy problem of premature onset of labor 
Previous premature rupture of membranes 
Previous pregnancy problem of precipitous delivery 
RH isoimmunization 
31. Vaginal bleeding during current pregnancy 
32. Preeclampsia this pregnancy 
33. Hypertension this pregnancy without preeclampsia 
34. Urine/kidney infection this pregnancy 
35. Other infections this pregnancy 
36. Oligohydramnios (abnormal or small amount of amniotic fluid) 
this pregnancy 
37. Polyhydramnios (an excess of amniotic fluid) this pregnancy 
38. Medications taken by mother after the knowledge of pregnancy 
39. Alcohol use this pregnancy 
40. Cigarette use this pregnancy 
41. Umbilical cord length (in cm) 
42. Placental weight (in grams) 
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43. Fetal monitoring results -- late decelerations (a fetal heart 
rate drop of more than 30 beats per minute), variable 
decelerations (a transient drop in fetal heart rate), 
bradycardia (a fetal heart rate of less than 120 beats per 
minute), tachycardia (a fetal heart rate of greater than 180 
beats per minute) 
Seventeen obstetric variables were assessed, and included the 
following: 
1. Presence/absence of labor 
2. Length of labor 
3. Induction of labor 
4. Types of labor and delivery medications administered 
5. Vaginal or cesarean delivery 
6. Vertex or breech presentation 
7. Use of forceps during delivery 
8. Premature onset of labor(< 37 weeks) 
9. Premature spontaneous rupture of membranes 
10. Placenta previa -- placenta that is abnormally implanted in 
the thin lower uterine segment 
11. Placenta abruptio - partial or complete premature separation 
of a normally implanted placenta 
12. Maternal fever during delivery 
13. Fetal distress during delivery 
14. Multiple gestation pregnancy 
15. Umbilical cord blood PH 
16. Umbilical cord problems during delivery 
17. Precipitous labor 
Thirty-five neonatal variables were collected, and included the 
f o 11 owing: 
1. Infant sex 
2. Infant blood type 
3. Infant birthweight 
4. Small, average, or large for gestation age (SGA, AGA, LGA) 
5. 1 and 5 minute Apgar score 
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6. Infant 1 s length in centimeters 
7. Infant hematocrit at admission to NICU 
8. Head circumference 
9. Infant systolic blood pressure at admission to NICU 
10. Gestational age 
Medical Complications: 
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11. Respiratory distress syndrome severity--Graded on three levels 
as determined by x-ray and clinical signs; 1 = least severe, 
3 = most severe. 
12. Bronchopulmonary dysplasia 
13. Patent ductus arteriosus 
14. Hyper, hyponatremia--Serum sodium> 150 milliequivalents per 
liter (mEq/1); < 130 mEq/1. 
15. Hyper, hypokalemia--Serum potassium> 7 mEq/1; <3.5 mEq/1. 
16. Hyper, hypochloremia--Serum chloride> 115 mEq/1; < 90 mEq/1. 
17. Hyper, hypocalcemia--Serum calcium > 11.5 mEq/1; < 7 mEq/1. 
18. Hyper, hypoglycemia--Sugar glucose> 110 mEq/1; < 40 mEq/1. 
19. Hyper, hypotension--Systolic blood pressure> 110 mmHg; < 30 
mmHg. 
20. Congestive heart failure--Determined by clinical signs and x-
ray. 
21. Pneumothorax 
22. Pulmonary interstitial emphysema--Defined as a lung disorder 
where air is in the interstitium of the lung and determined by 
x-ray. 
23. Hyperbilirubinemia--Bilirubin concentration> 12.5 rng/dl. 
24. Necrotizing enterocolitis 
25. Septicemia--Defined as bacteria cultured from the blood. 
26. Kidney problems--Any abnormal, physiological functioning of 
the kidney. 
27. Hematuria 
28. Thrombocytopenia--A low platelet count< 100,000 per cubic 
millimeter of blood. 
29. Retinopathy 
30. Meningitis 
31. Seizure disorder 
32. Apnea 
33. Birth asphyxia--One minute Apgar< 6. 
34. Preterm birth 
35. Acidosis--Blood ph < 7.25. 
In addition to hemorrhage severity and time of onset, other 
dependent variables studied included the laterality of the hemorrhage 
(right or left ventricle or bilateral) , the presence of leukomalacia, 
and the discharge status of the infant (infant mortality). 
The data was recorded from the medical records onto data sheets, 
and then entered into the computer for analysis. 
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CHAPTER IV 
ANALYSIS OF DATA ND RESULTS 
This investigation was conducted for two major purposes: 
1. To identify predictors or correlates of IVH. 
2. To quantify the contributions made by these predictors to the 
severity and time of onset of IVH. 
The study was designed to achieve these purposes by comparing 
maternal, obstetric, and neonatal correlates with the presence or 
absence of IVH. Once these comparisons were made and possible 
predictors were identified, an interactive, statistical model was 
developed to predict IVH severity and onset time. 
Description of the Sample 
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A description of the total sample of 150 infants is presented in 
Table 6. Infant and maternal demographic and perinatal data are 
expressed in terms of incidence and means for the whole sample. In 
terms of family characteristics, the sample was predominantly composed 
of Caucasian, unskilled and semi-skilled workers. The mean age of the 
mothers was 26 years (SD= 5.7, range 16-39). The infant sample mean BW 
and GA were 1493 g (SD= 591.3, range 530-3560) and 30.6 weeks (SD= 
3.16, range 23-40), respectively. 
Major Analyses of Group Differences 
Data analysis was performed in two steps: 
1. An analysis of differences between the IVH and non-IVH groups. 
2. A model construction process using multiple regression tech-
niques using the identified correlates of IVH found in Step 1. 
Table 6 
A Description of the Total Sample For Neonatal and Maternal 
Characteristics by Incidence or Mean 
Characteristic Incidence(%) or X 
Maternal 
Residence Status 
Utah 73 
Out-of-State 27 
Marita 1 Status 
Married 83 
Single 13 
Separated 2 
Divorced 2 
Race 
Caucasian 89 
Hispanic 6 
Oriental 3 
Black 1 
Native American 1 
Socioeconomic Status 
Unemployed 11 
Unskilled Laborer 32 
Semi-Skilled 25 
Semiprofessional 20 
Professional 12 
Age (years) 25.7 
Neonatal 
Sex 
Male 49 
Female 51 
Birthweight (grams) 1493 
Gestational Age (weeks) 30.6 
63 
N = 150 
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The first step of the analysis was performed for all maternal, 
obstetric, and neonatal independent variables. Two types of variables 
(quantitative [continuous] and qualitative [discrete]) were represented. 
Quantitative variables are those that assume numerical values (i.e., 
birthweight or maternal age). Qualitative variables are those which can 
be placed into a dichotomous or yes/no category (i.e., use of aspirin 
during pregnancy, presence of bronchopulmonary dysplasia). 
The analysis of differences between the IVH and non-IVH groups was 
performed with at-test for quantitative variables, and the Chi-square 
test statistic with Yates correction for the qualitative data. Chi-
square analyses are presented in Tables 7, 8, and 9; t-test analyses are 
presented in Tables 10, 11, and 12. Significant group differences (as 
indicated by Sor NS) were calculated using a probability or a 
significance level of p ~ .05. 
The mean birthweights for the non-IVH and IVH groups were 1573 g, 
and 1413 g, respectively. There was no significant difference between 
the two groups. A statistical difference (p ~ .05) for gestational age 
was found. The mean GA for the non-IVH group was 31.3 weeks, as 
compared to a mean GA of 29.9 weeks for the IVH group. The relationship 
between IVH incidence and gestational age will be discussed in Chapter 
v. 
A summary of significant findings from the analysis of differences 
between the control and experimental group is presented in Table 13. 
Only those variables whose presence was associated with IVH were 
included. An inspection of this table shows that no obstetric 
independent variables were found to differentiate the two groups. 
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Table 7 
Incidence of Maternal Qualitative Variables by Group 
Chi-Square 
Maternal Variable Non-IVH Group 
(N = 75) 
IVH Group 
(N = 75) 
Significance 
Residence Status 
Utah 55 55 NS 1.00 
Out-of-State 20 20 NS 1.00 
Marriage Status 
Married 54 70 s .001 
Single 14 4 s .02 
Separated 2 1 NS 1.00 
Divorced 3 0 NS .24 
Race 
Caucasian 66 66 NS .84 
Black 1 0 NS 1.00 
Oriental 3 2 NS 1.00 
Hispanic 4 4 NS 1.00 
Native American 1 1 NS 1.00 
No Prenatal Care 4 0 NS .13 
Trimester Care Received 
1st 59 58 NS 1.00 
2nd 59 63 NS .42 
3rd 49 51 NS . 77 
Blood Type 
O+ 29 27 NS .87 
A+ 23 28 NS .49 
B+ 6 5 NS 1.00 
AB+ 5 2 NS .44 
0- 6 4 NS .74 
A- 3 7 NS .33 
8- 2 3 NS 1.00 
AB- 1 0 NS 1.00 
Mother a LBW Premature Infant 3 2 NS .85 
Mother had previous LBW/ 18 21 NS 1.00 
Premature Infant 
(Table 7 continues) 
NS = Nonsignificant difference (p > .05) 
s = Significant difference (p ~ .05) 
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Table 7 (continued) 
Incidence of Maternal Qualitative Variables by Group 
Chi-Square 
Maternal Variable Non-IVH Group IVH Group Significance 
(N = 75) (N = 75) 
Past Medical History of: 
Hypertension 7 7 NS 1.00 
Shared gestation 3 1 NS .54 
Diabetes 4 5 NS 1.00 
Thyroid problems 2 2 NS 1.00 
Seizures 1 2 NS 1.00 
Infertility> 1 year 2 5 NS .52 
> 1 UTI 6 6 NS 1.00 
Pelvic Inflammatory 2 2 NS 1.00 
disease 
Preeclampsia 9 5 NS .28 
Premature labor 10 16 NS .45 
Premature rupture of 5 5 NS 1.00 
Membrane 
Precipitous delivery 3 1 NS .54 
RH problems 3 6 NS .59 
Nutritional Status This Pregnancy 
Good 50 62 NS .80 
Suboptimal 4 3 NS .80 
Bleeding This Pregnancy 
1st Trimester 4 6 NS .74 
2nd Trimester 8 10 NS .80 
3rd Trimester 7 8 NS 1.00 
Preeclampsia This Pregnancy 19 10 NS .09 
Hypertension w/o Preeclampsia 1 3 NS .61 
This Pregnancy 
Urine/Kidney Infections This 17 8 NS .08 
Pregnancy 
Other Infections This Pregnancy 13 12 NS 1.00 
Oligohydramnios This Pregnancy 4 4 NS 1.00 
Polyhydramnios This Pregnancy 3 7 NS .33 
(Table 7 continues) 
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Table 7 (continued) 
Incidence of Maternal Qualitative Variables by Group 
Chi-Square 
Maternal Variable Non-IVH Group IVH Group Significance 
(N = 75) (N = 75) 
Drugs Used This Pregnancy 
Prenatal Vitamins 54 53 NS .58 
Cigarettes 15 11 NS .52 
Alcohol 18 14 NS .55 
Narcotics, Psychotropic 11 5 NS .13 
Medication 
Aspirin/Analgesics 10 7 NS .48 
Antibiotics 19 14 NS .29 
Antihypertensives 4 1 NS .31 
Anticoagulants 0 1 NS 1.00 
Anticonvulsants 0 1 NS 1.00 
Thyroid Medication 1 1 NS 1.00 
Insulin 3 3 NS 1.00 
Other Medication 27 30 NS 1.00 
Fetal Monitoring Results 
Late Decelerations 6 12 NS .20 
Variable Decelerations 23 23 NS 1.00 
Bradycardia 11 12 NS .97 
Tachycardia 7 3 NS .34 
Table 8 
Incidence of Obstetric Qualitative Variables by Group 
Maternal Variable 
Mother Went Into Labor 
Labor Was Induced/Augmented 
Labor Was Prior to Rupture 
of Membranes 
Labor Was After Rupture 
of Membranes 
Pharmacologic Analgesic & 
Anesthesia for Delivery 
Local Anesthesia 
General Anesthesia 
Epidural Block 
Pudenal Block 
Spinal Block 
Analgesics 
Delivery Mode 
Vaginal 
Cesarean 
Delivery Presentation 
Vertex 
Breech 
Delivery Used Forceps 
Labor/Delivery Complications 
Premature onset of labor 
Premature spontaneous 
rupture of membrane 
Placenta previa 
Placenta abruptio 
RH problems 
Fever during labor/ 
delivery 
Fetal distress 
Multiple gestation 
Umbilical Cord Problems 
Precipitous Labor 
Non-IVH Group (N = 75) 
63 
19 
26 
14 
13 
23 
36 
4 
1 
38 
34 
41 
52 
23 
3 
37 
12 
0 
9 
2 
21 
14 
11 
3 
0 
NS= Nonsignificant difference (p > .05) 
S = Significant difference (p ~ .05) 
IVH Group (N = 75) 
64 
18 
37 
22 
11 
22 
40 
7 
2 
40 
40 
35 
58 
16 
3 
39 
15 
3 
14 
2 
15 
19 
17 
3 
2 
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Chi-Square 
Significance 
NS .84 
NS 1.00 
NS 1.00 
NS .87 
NS .82 
NS 1.00 
NS .62 
NS .53 
NS 1.00 
NS . 94 
NS .41 
NS .41 
NS .36 
NS .26 
NS 1.00 
NS .80 
NS .67 
NS .24 
NS . 36 
NS 1.00 
NS .24 
NS .46 
NS .29 
NS 1.00 
NS .48 
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Table 9 
Incidence of Neonatal Qualitative Variables by Group 
Maternal Variable 
Sex 
Male 
Female 
Blood Type 
O+ 
A+ 
B+ 
AB+ 
Q-
A-
B-
AB -
Birth Was 
Single 
Twin 
Triplet 
Size for Gestational Age 
Average (AGA) 
Sma 11 ( SGA) 
Large (LGA) 
Non-IVH Group 
(N = 75) 
32 
43 
25 
33 
3 
1 
6 
3 
3 
1 
64 
9 
2 
68 
5 
2 
Infant on Assisted Ventilation 
Medical Complications: 
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RDS 
BPD 
PDA 
Hypernatremia 
Hyponatremia 
Hyperkalemia 
Hypokalemia 
Hyperchloremia 
Hypochloremia 
Hypercalcemia 
Hypocalcemia 
Hyperglycemia 
Hypoglycemia 
58 
26 
30 
23 
19 
0 
8 
8 
1 
1 
36 
12 
12 
NS= Nonsignificant difference (p > .05) 
S = Significant difference (p ~ .05) 
IVH Group 
(N = 75) 
41 
34 
22 
24 
10 
4 
9 
5 
0 
0 
57 
18 
0 
69 
4 
2 
61 
61 
41 
18 
25 
6 
5 
10 
5 
2 
0 
43 
14 
11 
Chi-Square 
Significance 
NS .19 
NS .19 
NS . 77 
NS .20 
NS .08 
NS . 35 
NS .57 
NS . 70 
NS .25 
NS 1.00 
NS .21 
NS .09 
NS .48 
NS 1.00 
NS 1.00 
NS 1.00 
NS .84 
NS .69 
S .02 
S .05 
NS .08 
S .01 
NS .07 
NS .80 
NS . 56 
NS 1.00 
NS 1.00 
NS .33 
NS .83 
NS 1.00 
(Table 9 continues) 
70 
Table 9 (continued) 
Incidence of Neonatal Qualitative Variables b~ Groug 
Maternal Variable Non-IVH Group IVH Group Chi-Square 
(N = 75) (N = 75) Significance 
Hypertension 1 1 NS 1.00 
Congestive heart failure 4 4 NS 1.00 
Pneumothorax 2 19 s .0002 
Pulmonary interstitial 7 20 s .01 
emphysema 
Hyperbilirubinemia 55 47 NS .22 
Necrotizing Enterocolitis 8 0 s .01 
Septicemia 9 5 NS .40 
Kidney Problems 8 3 NS .21 
RH incompatibility 6 4 NS .74 
Hematuria 5 5 NS 1.00 
Thrombocytopenia 2 2 NS 1.00 
Retinopathy 4 6 NS .74 
Meningitis 0 1 NS 1.00 
Seizure Disorder 2 2 NS 1.00 
Apnea 33 4 s .0000 
Birth asphyxia 34 41 NS .33 
Preterm Birth 72 75 NS .24 
Acidosis 11 7 NS .45 
Table 10 
Means and Standard Deviations of Maternal Quantitative Variables by Group 
Maternal Variable 
Age (years) 
Gravida (total# of pregnancies) 
Para (total I of living children 
delivered) 
No. of spontaneous abortions 
No. of therapeutic abortions 
Systolic blood pressure (mmHg) 
Diastolic Blood pressure (mmHg) 
Weight gain during pregnancy (kg) 
Hemoglobin concentration (g/dl) 
Socioeconomic index (Duncan SEI) 
(scores 1-5) 
No. of cigarettes smoked/day 
No. of prenatal visits 
Umbilical cord length (cm) 
Placental weight (g) 
Non-IVH Group 
Mean SD N 
25.2 5.1 75 
3.1 2.5 75 
2.3 1.5 75 
.8 1.8 75 
.1 . 3 75 
131 20.5 75 
78 16.3 75 
12.0 5.6 52 
12.6 1.6 74 
2.9 1.3 72 
3.1 7.0 75 
10.2 7.3 70 
40.0 12.7 11 
490.5 210.3 21 
NS= Nonsignificant difference (p > .05} 
S = Significant difference (p ~ .05} 
IVH Group 
Mean SD N 
26.3 6.2 75 
3.1 2.3 75 
2.5 1.7 75 
. 6 1. 2 75 
.1 . 5 75 
125 22.1 75 
81 40.9 75 
11.2 6.9 62 
11.9 1.5 73 
2.9 1.1 70 
1.8 5.7 75 
6.3 4.9 73 
26. 7 9.1 13 
498.5 224.8 21 
.!. Test Probability 
NS .21 
NS .86 
NS .37 
NS . 36 
NS .84 
NS .09 
NS .06 
NS . 47 
S .01 
NS . 72 
NS .20 
NS .07 
S . 01 
NS . 09 
-...J 
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Table 11 
Means and Standard Deviations of Obstetric Quantitative Variables by Group 
Non-IVH Group IVH Group 
Obstetric Variable Hean so N Hean so N !. Test Probability 
Total Length of Labor (hours) 7.0 6.9 50 10.8 14.8 58 NS .07 
Length of 1st Stage of Labor (hours) 7.6 10.0 50 8.9 8.9 57 NS .46 
Length of 2nd Stage of Labor (min.) 14.2 22.3 44 22. 2 25.9 52 NS .11 
Time Rupture of Membrane Occurred 50.0 105.6 34 75.9 202.4 36 NS .50 
Prior to Delivery (hours) 
Umbilical Cord pH 7.33 9.1 45 7.35 9.5 51 NS .34 
NS c Nonsignificant Difference (p > .05) 
Sc Significant Difference (p.::. .05) 
-....J 
N 
Table 12 
Means and Standard Deviations of Neonatal Quantitative Variables by Group 
Non-IVH Group IVH Group 
Neonatal Variable Mean SD N Mean SD N .!. Test Probability 
Birthweight (g) 1573 613.0 75 1413 565.6 75 NS .09 
Length (cm) 40.8 5 .1 75 40.4 7.7 75 NS .68 
Hematocr it ( % ) 51 7.5 75 48 7.9 75 s .02 
Head circumference (cm) 29.0 3.4 74 28.1 3.2 73 NS .09 
Systolic blood pressure (mmHg) 49.8 13. 7 74 47.9 13.7 74 NS .39 
Gestational age (weeks) 31. 3 3.2 75 29.9 3.0 75 s .006 
One minute apgar 4.7 2.5 75 4.1 2.4 75 NS .10 
Five minute apgar 6.9 1.6 75 6.1 2.0 75 s .004 
Severity of respiratory distress 1. 4 1.0 75 1.9 1.2 75 s .007 
syndrome (on a scale of 1-3) 
NS• Nonsignificant Difference (p > .05) 
S • Significant Difference (p ~ .05) 
-..J 
w 
Table 13 
A Summary of Significant Findings from Tables 7 - 12 
Variable Abbreviation 
HT 
BPO 
HCT 
PIE 
UCL 
HBC 
ROS 
GA 
APG 
HM 
PT 
N R Neonatal Variable 
H ~ Maternal Variable 
Variable 
Hypotension 
Bronchopulmonary Oysplasia 
Hematocrit of Infant (%) 
Pulmonary Interstitial Emphysema 
Umbilical Cord Length (cm) 
Hemoglobin Concentration (g/dl) of mother 
Respiratory Distress Syndrome Severity 
Gestational Age (weeks) 
5-Hinute Apgar Score 
Mother Harried 
Pneumothorax 
Category 
N 
N 
N 
N 
H 
H 
N 
N 
N 
M 
N 
l or Chi-Square Value 
.03 
.02 
.02 
.01 
.01 
.01 
.007 
.006 
.004 
.001 
.0002 
-..J 
.p. 
75 
With respect to IVH severity, approximately 2/3 of the hemorrhages 
consisted of Grades I and II. Table 14 presents IVH severity (graded 
into four levels) by incidence. 
Table 14 
Hemorrhage Severity by Incidence(%) 
IVH Grade (N = 75) N ~ 0 
I 25 33% 
II 23 31% 
I I I 19 25% 
IV 8 11% 
Laterality of IVH is summarized in Table 15. There was almost an 
equal distribution of unilateral lesions (those having the site of IVH 
in either the right or left ventricle) and bilateral lesions 
(hemorrhages in both the left and right ventricles). ~ight ventricle 
unilateral hemorrhage occurred in 32% of the IVH infants, while left 
unilateral lesions occurred in 22%. 
Table 15 
Latera 1 ity of IVH by Incidence 
Latera 1 ity (N = 69) N ~ 0 
Uni lateral IVH 37 54 
Right Ventricle 22 32 
Left Ventricle 15 22 
Bilateral IVH 32 46 
To determine if male and female IVH infants differed in regard to 
incidence of IVH, IVH severity, and laterality of the hemorrhage, an 
analysis by sex was conducted. Tables 16 and 17 present IVH severity 
and laterality in terms of sex. 
Table 16 
Incidence of IVH and Mean IVH Severity by Sex 
Sex Incidence Mean IVH Severity 
Male 
Female 
Table 17 
41 ( 55%) 
34 ( 45%) 
Laterality of Hemorrhage by Sex 
Sex 
Male 
Female 
Rt. Ventricle 
15 ( 41%) 
6 (19%) 
Lft. Ventricle 
6 (16%) 
9 (29%) 
2.1 
2.2 
Bil atera 1 
16 ( 43%) 
16 (52%) 
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The only significant difference found between male and female 
infants was in terms of laterality. Male infants demonstrated a higher 
incidence of IVH located in the right ventricle. 
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The day IVH was first detected by ultrasonography is illustrated in 
Figure 4. It should be noted that the day of first detection of IVH 
does not equal the exact onset time of the brain hemorrhage, since daily 
US scans were not performed. 
Other dependent variables investigated included the incidence of 
periventricular leukomalacia (PVL) and infant death. PVL occurred in 8 
of the 75 IVH babies (11%). Four non-IVH (5%) and 10 IVH (13%) infants 
died while patients in the UUMC's NICU. 
50 
N ,.74 
Range = 2-27 days 
40 SD .. 4.53 
-
34 ~ 
--~ 30 j 
20 ~ 
10 
2 
1 1 
(0-3) (4-7) (8-11) (12-15) (16-19) (20-23) (24-27) 
P~talDays 
Figure 4. Time of first detection of IVH in days. 
NOTE: The numbers at the top of each bar are the number of IVH infants 
for that time period. 
78 
Construction of the Predictive Model 
Following the analysis of differences between the IVH and non-IVH 
groups, the 10 identified variables (see Table 13) were used in the 
construction of a multiple regression model to determine their ability 
to predict IVH severity and time of onset. The process of model 
construction attempts to determine a good fit for a data set, and 
provides current and future estimates of the mean value of the dependent 
variables (Mendenhall & Sincich, 1986). Without this process, it cannot 
be shown that the 10 variables are predictive of IVH. 
Model Construction for Hemorrhage Severity 
Model I. First order with 10 independent variables. A multiple 
regression performed with 10 independent variables produced the 
following equation: 
IVH Severity= 0.76 + 0.235xl - 0.051x2 + 0.494x3 + 0.630x4 -
0.91x5 + 0.820x6 - 0.0357x7 - 0.036x8 + 0.0030x9 - 0.198x10 
(xl = hemoglobin concentration; x2 = GA; x3 = bronchopulmonary 
dysplasia; x4 = hypotension; x5 = pneumothorax; x6 = pulmonary 
interstitial emphysema; x7 = umbilical cord length; x 8 = 5-minute 
Apgar; x9 = hematocrit; xl0 = RDS) 
The goodness of fit for Model I, measured by R2, was 55.8%. A 
global F-test statistic was calculated to check the utility of this 
model and the results indicated that Model I did not contribute enough 
information to predict IVH severity. A possible explanation for the 
failure of this model is its assumption that each of the independent 
variables affect IVH severity independently of each other. 
Since it is known that GA is a major determinate of the maturity of 
the neonate 1 s respiratory system, additional interaction terms between 
GA, RDS, and other respiratory complications were added to Model I. 
These additions were used to construct Model II. 
Model II. Second order interactions of GA and RDS for a total of 
19 independent variables: 
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IVH Severity= -19.6 + 0.471xl + 0.430x2 - 3.8x3+ 19.lx4+ 3.8x6 -
0.0589x7 + 3.12x8 - 0.0028x9 + 0.060x2x3 - 0.399x2x4 - 0.216x2x5 + 
0.025x2x6 - 0.0847x2x8 + 0.0772x2x10 + 0.907x10x3 - 2.64x10x4 + 
1.41x10x5 - 1.10x10x6 - 0.356x10x8 
Model II accounted for 90.9% of the variability in the dependent 
variable. This high R2 value is indicative of the utility of the 
interactive model in the prediction of IVH severity. A global F-test 
statistic was calculated to check the usefulness of Model II, and showed 
that this model does contribute information to the prediction of IVH 
severity. 
Model Construction for IVH Onset Time 
A first-order model with 10 independent variables was constructed 
with multiple regression analysis. The R2 value was 37.4%. A second 
order model was built, but it failed to contribute enough information to 
predict IVH onset time. The unsuccessful attempt to predict the day IVH 
first occurs was most likely a reflection of the US scanning procedures 
used at the UUMC's NICU; daily US brain scans are not routinely 
performed for all infants. Therefore, the time of first detection of 
IVH, as illustrated in Figure 4, is not an indicator of the exact IVH 
onset time. 
CHAPTER V 
DISCUSSION 
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This investigation was undertaken to identify predictors of 
intraventricular hemorrhage. The following sections of this chapter 
include a summary and discussion of the findings, the conclusions and 
implications of the findings, and recommendations for further research. 
Summary 
This study was a retrospective investigation and utilized a two-
group comparison research design. The research was conducted for two 
major purposes: 
1. The identification of predictors or correlates of IVH. 
2. The construction of a mathematical model to predict the 
occurrence, severity, and time of onset of IVH. 
The study was designed to achieve these purposes by comparing 
possible predictors with the presence or absence of IVH. Once these 
comparisons were made and correlates were identified, an interactive, 
statistical model was developed to predict IVH severity and onset time. 
The major research hypothesis was as follows: 
Maternal, obstetric, and neonatal factors are predictive of the 
occurrence and severity of intraventricular hemorrhage in newborn 
infants. 
The study sample was composed of inborn neonates admitted to the 
University of Utah Medical Center's Neonatal Intensive Care Unit from 
July, 1985 to June, 1987. Ultrasound brain scans were used to assign 
150 infants into two groups of equal numbers: an IVH group and a non-
IVH group. Demographic, medical, and behavioral data were collected 
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from each infant and from each infants• mothers• medical records. These 
independent variables were divided into three organizational categories 
as follows: 43 maternal variables (those occurring prior to the onset 
of labor), 17 obstetric variables (factors operating during labor and 
delivery), and 35 neonatal variables (medical complications and 
characteristics of the newborn baby). 
The first major dependent variable was severity of hemorrhage, and 
was divided into five levels: 0 = no hemorrhage, 1 = Grade I, 2 = Grade 
II, 3 = Grade III, and 4 = Grade IV. IVH severity was determined by 
ultrasonography and classified by a radiologist using the hemorrhage 
grading system devised by Papile, Burstein, Burstein, and Koffler 
(1978). The second major dependent var iable was the time the brain 
hemorrhage was first detected by US, in days. 
Other outcome measures stud ied included the laterality of the 
hemorrhage (right or left unilateral lesions, or bilateral hemorrhages), 
the presence of periventricular leukomalacia (PVL), and the discharge 
status of the infant (infant mortality) from the NICU. 
The data were analyzed by the investigator in the following manner: 
1. An analysis of differences between the IVH and non-IVH groups 
for qualitative independent variables was performed by using a 
Chi-square test statistic with Yates Correction. 
2. An analysis of the differences between the IVH and non-IVH 
groups for quantitative independent variables was performed by 
using at-test statistic. Significant group differences were 
calculated for both Chi-square and t-test statistics using a 
probability or significance level of p ~ .05. 
3. Identified predictors from the analysis of group differences 
were used to build an interactive statistical model for the 
prediction of IVH severity using multiple regression 
techniques. 
4. A second model using multiple regression was built to predict 
the time of onset of IVH. The criteria for evaluating the 
82 
predictive models were the total variability of the dependent 
variable explained by the model (the R2 value), and the F-test 
for testing the global utility of the model. 
The results from these analyses identified 10 correlates whose 
presence was associated with IVH: neonatal hypotension, 
bronchopulmonary dysplasia, lower hematocrit percent, pulmonary 
interstitial emphysema, severe respiratory distress syndrome, shorter 
gestational ages, lower 5-minute Apgar scores, pneumothorax, shorter 
umbilical cord lengths, and lower maternal hemoglobin concentrations. 
Eight of the correlates were neonatal, and two were maternal variables. 
No obstetric factors were found to be related to IVH. 
The interactive statistical model used to predict IVH severity 
accounted for 90.9% of the sample variability. This implies that 91% of 
the variation of the dependent variable (hemorrhage severity) can be 
explained by this model. 
The attempt to predict the hemorrhage onset time was unsuccessful. 
The statistical model used only accounted for 37.4% of the sample 
variability. 
With respect to other outcome variables, the following was found: 
1. There was approximately an equal number of unilateral and 
bilateral brain hemorrhages. 
2. The incidence of periventricular leukomalacia (PVL) was 11%. 
3. The incidence of infant death for the IVH group was 13%, and 5% 
for the non-IVH group. 
Discussion of Findings 
The major analyses of this study revealed 10 statistically signif-
icant variables whose presence were associated with IVH. One of these 
factors, gestational age (GA), is of particular importance since it may 
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influence several of the other predictors. Figure 5 demonstrates the 
relationship between GA and the incidence of IVH. IVH incidence 
percentage was computed by comparing each gestational age time period 
with the number of infants with and without IVH. From 29 to 36 weeks, a 
gradual decline in the incidence of IVH is observed. This decline 
illustrates the well-established inverse relationship between short 
gestational ages and a higher incidence of IVH (Bada et al., 1984; Healy 
et al., 1983; Horbar et al., 1983; Levene et al., 1982; Strauss et al., 
1985; Szymonowicz et al., 1984; Tejani et al., 1984). At longer 
gestational ages (33 to 35 weeks), the germinal matrix zone (GMZ) begins 
to disappear, the neonate's respiratory and other organ systems become 
more mature, and the infant is capable of withstanding greater intra-
and extrauterine stress. 
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Figure 5. Incidence of IVH by gestational age. 
NOTE: The dark area represents IVH incidence, the number at the top of 
each bar is the number of infants with or without IVH. 
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Figure 6 shows the relationship between GA and IVH severity. The 
vertical axis is an IVH severity index, or a weighted mean severity, and 
is expressed in Grades I - IV. The most severe hemorrhages occurred 
between 28 and 29 weeks GA, with a rapidly declining severity of a value 
of about 1.0 (a Grade I IVH) for GAs of 35-40 weeks. The GMZ emerges at 
26 to 27 weeks of gestation, and disappears at about 33 to 35 weeks 
(Healy et al., 1983). An explanation for the observed peak IVH severity 
index at 29 weeks GA may be the recent emergence of the GMZ. In terms 
of prediction, this finding is important--infants born at 29 weeks GA 
not only show the greatest overall incidence of IVH, but they also have 
the most severe brain lesions. 
23-26 27 28 29 30 31 32 33 
Gestational Age (weeks) 
Ffgure 6. Severity of IVH by gestational age. 
34 35 36-40 
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Since infants of shorter gestational ages have less mature and more 
vulnerable organ systems, one would expect more respiratory 
complications with shorter GAs. In this study, a higher incidence of 
bronchopulmonary dysplasia, pulmonary interstitial emphysema, 
pneumothorax, and a greater severity of respiratory distress were found 
in the experimental group. Lower five-minute Apgar scores for the IVH 
infants reflected the impact these respiratory disturbances had on the 
general condition of the neonate. 
These findings are consistent with previous studies (de Courten et 
al., 1981; Dykes et al., 1980; Kosmetatos et al., 1980; Levene et al., 
1982; McDonald, Koops, et al., 1984; Thorburn et al., 1982; Weindling et 
al ., 1985) which investigated the relationship between neonatal medical 
complications and IVH. 
The mechanism by which respiratory disease is believed to cause IVH 
is summarized below: 
1. Respiratory disease causes an increase in the neonate's 
cerebral blood flow (CBF), which damages GMZ capillaries (Cooke 
et al . , 1979; Hambleton & Wigglesworth, 1976). 
2. The infant's respiratory effort against the mechanical 
ventilator causes fluctuations in CBF velocity, which in turn 
further dama~es the GMZ (Ment, Stewart, et al., 1985; Perlman 
et al., 1985). 
Two additional neonatal variables found to predict IVH were a 
systolic blood pressure of less than 30 mmHg (hypotension), and a lower 
hematocrit percentage (the volume of red blood cells per deciliter of 
circulating blood). Hypotension has been implicated as a causal factor 
of IVH (Conner et al., 1983; Ment et al., 1982; Moore, 1986; Volpe, 
1987), and is thought to be implicated in the rupture of GMZ capillaries 
(Moore, 1986). A lower infant hematocrit has been found to be 
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predictive of IVH (Cooke, 1981; de Courten & Rabinowicz, 1981; 
Szymonowicz et al., 1984). 
With respect to antenatal or maternal variables, three correlates 
were identified: marriage status, umbilical cord length, and the 
admission hemoglobin concentration of the mother. 
A higher incidence of married mothers was found in the IVH group 
(93% of the IVH mothers were married, as contrasted to 74% for the non-
IVH group). It was decided to exclude marital status from the multiple 
regression analyses. This decision was based on the belief that marital 
status was probably an artifact of the sample selection. In addition, 
there are no suggestions in the IVH literature which implicate marriage 
status as a predictor of IVH. 
Naeye (1986a) hypothesized that a low blood flow from the uterus to 
the placenta was a central mechanism in the causation of 
neurodevelopmental disorders in infants. An indirect measure of utero-
placental blood flow is the hemoglobin concentration of the mother. 
During pregnancy, the mother' s blood volume should increase by 40% 
(Winick, 1986). This increase dilutes the hemoglobin concentration to 
values below 12 g per deciliter (Naeye, 1986a). Hemoglobin values 
greater than 12 g per deciliter were postulated to be indicative of low 
utero-placental blood flow, and should be associated with a higher 
incidence of IVH. The results of this study were in the opposite 
direction hypothesized by Naeye (1986a): The IVH group had a mean 
maternal hemoglobin value of 11.9 g/dl, the control group had a mean 
value of 12.6 g/dl. 
The best explanation for this disparity is the method used to 
collect the data. Naeye (1986a) collected the lowest value during each 
mother 1 s last trimester of pregnancy. In this study, admission values 
were used, and did not represent a lowest trimester value. 
Nevertheless, it is of interest that admission hemoglobin values, even 
though in a direction which is opposite from the one hypothesized by 
Naeye (1986) differentiated the IVH from the non-IVH group. 
Shorter umbilical cord lengths were found to be associated with 
IVH. Table 18 summarizes the data for a total of 24 subjects. 
Table 18 
Umbilical Cord Lengths and Gestational Age 
Non-IVH Group (n - 11) IVH Group (n - 13) 
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GA (weeks) Cord Length (cm) GA (weeks) Cord Length (cm) 
27 24 26 32 
30 33 26 35 
30 24 27 10 
31 45 27 25 
31 45 27 38 
32 43 27 42 
32 22 28 18 
32 42 29 21 
34 49 30 18 
35 61 32 29 
40 52 32 30 
32 20 
32 29 
MEAN: 32 40.0 28.9 26.7 
SD: 12.7 9.1 
88 
Naeye (1985) has used umbilical cord lengths as a marker for later 
childhood mental or motor impairments. In his analysis of over 35,000 
umbilical cord lengths, it was found that short cord length was 
predictive of the need for mechanical ventilation and low Apgar scores. 
When combined with other predictors (i.e., Apgar scores, ventilation, 
hypotonia), short umbilical cord length was predictive of low childhood 
IQ scores and neurological abnormalities at four and seven years of age, 
respectively. Naeye reasoned that since prenatal conditions are 
responsible for determining the length of the umbilical cord, then short 
cord length would be indicative of adverse developmental conditions that 
had occurred long before labor and delivery. Thus, he suggested that 
the correlations between short cord length and subsequent 
neurodevelopmental impairments were a result of antenatal factors. 
Prior to this research, there were no known published studies that 
investigated the relationship between IVH and umbilical cord lengths. 
The low number of infants with recorded cord lengths in this study 
reflects that fact that umbilical cord measurements are not performed 
routinely. 
Since cord lengths increase with greater GA, the statistically 
significant difference found between cord lengths for the IVH and non-
IVH groups needs to be examined in terms of GA. An inspection of Table 
16 shows that the IVH group had a lower mean GA (26.7 weeks) than the 
non-IVH group (32 weeks). The argument could be made that GA 
differences accounted for the differences in umbilical cord lengths. 
However, by comparing the data from this study with Naeye1 s (1985) data, 
it is found that the mean IVH cord length of 26.7 cm is well below 
Naeye1 s mean of 45.0 cm(~ 9.7) for infants born at 28 to 29 weeks GA. 
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The mean non-IVH cord length of 40 cm is within the range reported by 
Naeye, of 50.2 cm(~ 12.1) for infants of 32 to 33 weeks GA. Therefore, 
the finding that short umbilical cord length is associated with IVH, 
even when the GA of the infant is considered, may be evidence that 
maternal factors are involved in the development of IVH. This 
conclusion is made with reservation due to the fact that the normal 
range of cord lengths is large (Naeye, 1985), and because a small sample 
of cord lengths was used in this study. 
Implications of the Findings 
The ability to predict the occurrence and severity of IVH has 
several practical and theoretical implications as follows: 
1. The data used in the construction of the predictive model were, 
with the exception of umbilical cord length, routine NICU 
measurements. The predictive equation might be entered into a 
computer and calculations for the severity of IVH could be made 
for each infant. 
2. The early identification of infants at high risk for IVH might 
allow for more intensive monitoring to be made prior to the 
onset of IVH. 
3. Investigations using experimental treatments to reduce or 
eliminate IVH could, prior to the administration of the 
treatment, calculate the predicted IVH severity and use these 
values to judge treatment effectiveness. 
4. It was observed that the R2 values for the severity prediction 
model almost doubled when the interaction of correlates was 
added. This clearly demonstrates that no single factor, in 
isolation, is able to accurately predict IVH severity. 
5. Although regression models cannot be used to suggest causal 
relationships, the finding that two predictors of IVH occurred 
in the antenatal period can be used as evidence to support the 
hypothesis that factors occurring prior to birth may interact 
with neonatal correlates to initiate IVH. These antenatal 
variables might predispose the infant to IVH by damaging or 
compromising neural tissue. GMZ injury, or ischemic brain 
damage occurring prior to birth, might not be detected by US or 
CT if the lesions are small (Bozynsky et al., 1987). 
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Conclusions 
The following conclusions were derived from the data of this study: 
1. Specific factors not previously investigated, and which were 
found to have no association with IVH, included maternal weight 
gain during pregnancy, placental weights, drugs taken after 
knowledge of pregnancy, cigarette and alcohol use during 
pregnancy, maternal and infant blood types, and the frequency 
and time of prenatal care. 
2. Specific variables which were found to be associated with IVH 
and were used in the statistical model were neonatal 
hypotension, bronchopulmonary dysplasia, lower hematocrit 
percent, pulmonary interstitial emphysema, severe respiratory 
distress syndrome, shorter gestational ages, lower 5-minute 
Apgar score, pneumothorax, shorter umbilical cord lengths, and 
lower maternal hemoglobin concentrations. 
3. Infants with shorter gestational ages and respiratory 
complications demonstrated the highest incidence of IVH. 
4. From 29 to 36 weeks GA, a gradual decline in the incidence of . 
IVH was identified. This decline is related to the emergence 
and disappearance of the GMZ, and the increasing maturity of 
the infant at longer gestational ages. Infants born at 29 
weeks GA had the highest overall incidence of IVH, and also 
showed the greatest risk for developing a severe (Grade III or 
IV) brain hemorrhage. 
5. Of the obstetric factors investigated, none were associated 
with IVH. 
6. While neonatal respiratory disorders and the condition of the 
infant immediately following birth are the best predictors of 
IVH severity, the identification of two maternal variables may 
be evidence to support the hypothesis that antenatal factors 
interact with neonatal correlates to initiate IVH. 
7. No one single IVH correlate, in isolation, was able to predict 
IVH. The interaction of factors allowed for 90.9% of the 
variability in IVH severity to be explained. Thus, IVH can be 
conceptualized as the result of the complex interactions of 
multiple factors. 
Recommendations for Further Study 
Based on the results of this study, the following recommendations 
are made: 
1. A follow-up study should be conducted to test the accuracy of 
the prediction model. 
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2. Additional research, using large samples, should further 
investigate the role maternal factors might play in the genesis 
and prediction of IVH. It is conceivable that further 
clarification of antenatal factors could lead to new 
interventions implemented prior to the birth of the infant. 
3. The laterality of the brain hemorrhage needs to be assessed and 
incorporated into the IVH grading system. 
4. The relationship between maternal aspirin and drug use during 
pregnancy, and IVH, are in need of further study. Ideally, 
verbal histories of drug use should be corroborated with 
biochemical assay techniques. 
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Richard Elghanmer 
c/o Dr. Glendon Casto 
Early Intervention Research Institute 
Utah State University 
Logan, UT 84322 
Dear Mr. Elghalllller: 
Your Ph.D. dissertation entitled "Predictors of 
Intraventricular Hemmorhage" is an important area of 
research. I will support and give you authorization to 
access our Newborn ICU computer system . As you stated in 
your letter your data collection will be l i11ited to only 
collection and recording of data . After completion of your-
dissertation, I would like a copy of it. 
Sincerely, 
~ct~ I MQ-
Gary M. Chan, M.D. 
Me<lical Director of Newborn ICU 
Associate Professor of Pediatrics 
GHC/dcc 
INICC TRANSPORT: (801) 581-2745 
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The l\Iilton S. Hershey Medical Center 
The Pennsylvania State University 
A,chard L. Naeye , M.D. 
Unillersity Professor ol P~hology 
O'>Airman, Department al Pathology 
Richard Elghammer 
144 South 200 East 
Logan, UT 84321 
Dear Mr. Elghammer. 
P.0 . 0:ix850 
He-shey , Pennsylvania , 7033 
. (717)S3HOS2 
August 1, 19S6 
I would like to help you but the issues you pose are so complex that I do not know bow to respond 
in a letter. It would take several hours of conYCrSation to give you a a-edible fill-in. What I cm tell 
yu11 is that most IVH bas its ciccp roots in placental villous edema. This latter disorder is the result 
of some type of stress in preterm fetuses . 1be edema compresses blood vessels inside the villi 
which in tum reduces fetal-placental blood flow. The resulting fetal hypoxia is responsible foc 
most of the morbidity in pre term neonates including low Apgar scores. the development of the 
respiratory distress syndrome and IVH. I enclose a paper dealing with placc:n:al villous edema. 
SU>c~ 
Richard L Naeyc, M .D. 
107 
Appendix D 
Glossary of Terms 
108 
109 
Antenatal: 
Occurring before, or formed before, birth 
Apgar Score: 
A system of scoring the infant's condition at one and five minutes 
after birth. The heart rate, respiration, muscle tone, color, and 
response to stimuli are scored 0, 1, or 2. The maximum score for a 
normal baby is 10. A score of Oto 6 may indicate neonatal hypoxia 
or asphyxia. 
Apnea: 
Cessation of respirations for more than 10 seconds, associated with 
generalized cyanosis. 
Asphyxia: 
A condition due to lack of oxygen in respired air, resulting in 
impending or actual cessation of apparent life. 
Breech Presentation: 
Presentation of the buttocks of the fetus in labor, with the feet 
alongs ide of the buttocks. 
Caudate Nucleus: 
A comma-shaped mass of grey matter located on the lateral ventricles; 
part of the basal ganglia. 
Choroid Plexus: 
The choroid plexus is a tangle of rich capillaries covered with a 
single layer of epithelial cells that protrudes into the cavity of 
the ventricles. The choroid plexus elaborates the cerebrospinal 
fluid (CSF) and transports substances into and out of the CSF. 
CT, CAT Scan: 
A technique for exam1n1ng brain structure in intact humans through a 
computer analysis of x-ray absorption at several positions around the 
head. 
Cyanosis: 
Slightly bluish discoloration of the skin due to a deficiency of 
oxygen and an excess of carbon dioxide in the blood. 
Eclampsia: 
Convulsions and coma occurring in a pregnant or post-labor woman, 
associated with pre-eclampsia (a toxemia of late pregnancy 
characterized by hypertension and edema). 
Fetal Growth Retardation: 
Deviations from normal intrauterine growth. Infants having a low 
birth weight for gestational age are termed "small for gestational 
age infants." 
Fetal Membranes: 
110 
Strong, translucent membranes which surround the developing embryo-
fetus, contains the amniotic fluid. 
Fontanel: 
Broad area, or soft spot, consisting of a strong band of connective 
tissue contiguous with cranial bones and located at the junction of 
the bones. 
Foramen of Monro: 
Opening between the third and lateral ventricles of the brain. 
G 1 i al Ce 11 s: 
The neuroglia, the supporting tissue of the brain and spinal cord. 
Hematocrit: 
Volume of red blood cells per deciliter of circulating blood. 
Hypercapnia/Hypercarbia: 
Greater than normal amounts of carbon dioxide in the blood. 
Hypotonia: 
Reduced tension, relaxation of the arteries. 
Hypoxemia: 
Reduction in arterial P02 resulting in metabolic acidosis. 
Hypoxia: 
A reduction of the oxygen supply to tissues below physiological 
levels despite adequate perfusion of the tissue by blood. 
Induction or Augmented Labor: 
The deliberate initiation of uterine contractions before their 
spontaneous onset. 
Intracranial Hemorrhage: 
The broad class of hemorrhages in which blood escapes from blood 
vessels into the tissues of the brain. The major types of 
intracranial hemorrhages are: intraventricular, subarachnoid, 
subdural, and intracerebellar. 
Ischemia: 
Decreased blood supply due to obstruction of circulation. 
Metabolic Acidosis: 
A disturbance in the acid-base balance of the body due to an 
accumulation of acids or an excessive loss of base. 
Neonate: 
A newborn infant. 
Neurodevelopmental Disorder: 
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A broad term of disorders which involve the infant's development and 
neurological functioning. 
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Normal Birth Weight: 
About 3,200 g or six to eight pounds. 
Normal Duration of Labor: 
12-18 hours for the first pregnancy, 6-10 hours for a parous woman. 
Normal Gestational Age: 
40 weeks. 
Normal Adult Hemoglobin Concentration: 
12 to 16 g per 100 ml. 
Oligohydramnios: 
Abnormally small amount or absence of amniotic fluid, often 
indicative of fetal urinary tract defect. 
Parenchyma of the Brain: 
The functional part of the brain as contrasted to the structural 
parts. 
Perinatal: 
Of or pertaining to the time and process of giving birth or being 
born. 
Periventricular Region: 
The area located around the ventricles of the brain in which 
intraventricular hemorrhages commonly occur. 
Pneumothorax: 
A medical complication in which air or gas accumulates in the pleural 
cavities of the lung. 
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Polyhydramnious: 
Amniotic fluid in excess of 1.5 liters, often indicative of fetal 
anomaly and frequently seen in poorly controlled, insulin-dependent, 
diabetic pregnant women, even if there is no co-existing fetal 
anomaly. 
Premature Infant: 
Birth prior to 37 weeks of gestation. 
Pudenal Block: 
Injection of a local anesthetizing drug at the pudendal nerve root in 
order to produce numbness of the genital and perianal region. 
Pulmonary Interstitial Emphysema (PIE): 
A respiratory complication of newborn infants which may precede the 
development of pneumothorax, or may occur independently. PIE results 
in increasing respiratory distress due to hypercarbia and hypoxia. 
Respiratory Distress Syndrome (ROS): 
A leading cause of morbidity and mortality in premature infants in 
which there is an inadequate expansion of the lung and an increase in 
the work of breathing. Most babies with RDS require some form of 
ventilatory support. 
Small for Gestation Age (SGA): 
Infants having a low birth weight for gestational age. 
Stroma: 
Supporting tissui. 
Thalamus: 
The largest subdivision of the diencephalon, consisting of an ovoid, 
gray mass in the lateral wall of the third ventricle. 
114 
Toxemia of Pregnancy: 
A group of pathologic conditions, essentially metabolic disturbances, 
occurring in pregnant women, and manifested by pre-eclampsia and 
fully-developed eclampsia. 
Ultrasound, Sonoqraph, Echo Scan: 
A technique used to visualize brain structures in living brains 
through the use of high frequency sound waves. 
Vertex Presentation: 
The presentation of the vertex of the fetal head in labor. 
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